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(lIIAmOR L 

FAINTH: pF what How DKHTUOYKD, rtiAHHIFrCATION AS 

’{•|U K riuWl.MM A\H IM.UT HTHHTA.Nt'KH, AllULTKUANTH, KTC.* 

What in pniut? 'I'ljiH qufHlitm (’un Ik* uiwwoml in a bmad way 
Isywiyinn;; It Ih any Jujuul tu* wmi“lit|nitl wilwtuiu'i' applicHl to any 
nu'talla', vv«khU‘Uj or olhtT wirfarr, to pnUoft it fn»m cormBiou or 
tUnniy, or to ^ivt‘ oulnr or kIohh, or nil <if lh(*Ho (lUuUticw, to it. 

A iH'iior dc'liiiition \\«»ul«l Iw, that paint ia a foiupouiul of a pig- 
mont and n liqiiab ummlly npplijnl tii any wirfiu'o with a briwh, for 
llio purpow* of prutrrtiuii, iir to m’um urtiBtif ofTcTta; which litjuid, 
after underMoing rtTlniii chanKi'fi, in part mochniiicul, or chainical, 
or hn« the j«n'ki*r of Imldinu the pigineiit tt» the eontcnl mtrfnce. 

It h e\ ideut that the liitt«T iietiniti«in would nlwi includ*' t)»o»(* etitn- 
jHOuid's uhieh are applied to nmuy ?»urfa«M*}4 either h«»t tir eold w a bath, 
riilher than by a brtjuh, i«»lely m ii matter of eonvenienet* «»r rapidity; 
and partieiilarlv w> when inelallie inejnln*rH tsf large or with 
tiitrirale and hidden piirl«, fin* to l»e protwitnl. 

'Ha • r,n,nesi!i!id?i <«f ji paiist, for wbiitiwef u«* iutendwi, are: 

t'trni. Thiit it shall iidheri* firndv to the wirfaee over which 
it i?4 Mpreiid, mid imt eidp or |»ee! oiT. It iiuiHt 1«‘ tunw’omwive to 
the imiierial it h imtiwt. a» well iiw to itself luuh'r hmg {M*ri(tdB 

of atino-^pljerie and rlirmieii! rhiulgw. It uiimt form a 

Mirfiiee }s2ird rm4i|?h to fririioiisd infhienw, yet eliwtie eritnigh 
to r».nf..riij !o iill rhiiiigefi of tem|w‘r«tim*, or with a coefficient of 



iiilliiciiccs tluio f>'()vern n'.sujus. 

That it shall dry with Huirtricnt rnpidily. 'rhi.H fiinr- 
tion do])oiids mostly upon tho vchirla or um’.I \utU tl»- 

meat, though tho ivigmcut hiis in miiny an inlhioufr, will 

be seen further on. 

Fourth.—Thiii it shall have ]m)j)er dnrnhilitv. wliirh h* n fnnt"- 
tion both of the pigment iUid Ihniid. Ami im ?li«* ijur-ia.n 
is in many cases the, goveriung faetor iit {he t<i n |<iuij|. 

the question of (hirahility may he regardnl ns ihe jaijM.i 1 asa 
one of tho list. It slundd he umlerstootl, however, {hnl u lom 

be durable, per sc, and not he pmteellve in (he Mi sia* ..| ibe 

word, as can bo ilhistniU'd in llu‘ ease of a gcwHl jiaml applir.l i*« (!»» 
surface of a sheet of iron coaled with ruhl. "I'lie hqnid ••Iruirnf ut 
the paint will not ahsorh or mnitralize the eorr«tf*tMn whirlt ii i-tai t::, 
but will dry regardle.ss of il,aiid perinil the de>*{tiu’tii*ji «•( !l»- 
to progress beneath i(s coat. 

Fijih. — Cov('Ti)uj pou'n'f hy which is meant the jM»wer >4 a pir:' 
ment so to cover the surface to which it may U* applmd that |«im< 
tectioii from decay is not only ussiirni, hut that the uiioinnuu auiunal 
of paint shall effect this purpose*. 

The covering power is also used to <*x|)nw the jHuver of a j.ir:«i«-ui 
to protect tlie oil from decay, in wliieli ease a larire ntuount of 
and a small amount of oil are used, 'riiiw di^M’idjiiion of pidni dji'-a 
more or less “flat,” the pigment being exiKWHl (o (hi* wniilwr and 
held in place by the tliin film of oil. It is thoug!»t hv tmmv uuinu-r 
painters that this is the most durahh* ami lH*ht paint for j*»*m rid n 
On the contrary, i)aints that clry with a have a hirgr Hiitieust 
of oil and a small aiiioimt of pigment, in which ei»e the «4I rtivrm 
and protects the pignu'nt. 

It may be used to oxpn^a the ntmmrti f»f color uj«»u the utirfare; 
as, generally, if a surface has plenty of color u}hiu It the rovering 
power is said to be good. To illustrate* this ihdiuilion: If nn 
oxide paint is proportioned so that the ratio iHqweeu the piMto.-ut 
and the oil is by weight 50 per cent «»f pigimasl and 5(1 j«.r rrsil «f oil 



Ii/I AiMJ f. /'(/II I'slt, 

wIkiu tlio paint is muly for sprt'uding, and {lie pifj;nu'nt. consists of 
do to do [HU* ci'nt of iron o\ido, tlu' cov('rinf>; power will Ix' said to he 
l^ood ; blit if t.lu' saiiK' pro|iorl ions of dO per ccnl ratio bet ween tlie 
jii^inent and the oil lu' had, in which tin' iron oxide is only o per cent 
of llu' pi|ji;nienl, the covering!; power would be callecl poor; and so it 
would be in the ease when' 10 per cent of iiiju:;nien( and ‘.10 per cent 
of oil W('re us('d. If in the two latter cases (he oil contaiiu'd lar|j:e or 
liberal aniounhs of volatile dilut'iits, the appearance of tlu' surface 
would indicat.e a deticieiicy in the covering pouer of the paint. 

'Hie t'Dirrint/ ptiirtr is also coniniordy exprc.ssed in the amount 
of surface which a liiven in a//// of juiint will covi'i*. A good iron™ 
oxidt' paint will cover nearly twice as much .surface as while or red 
lend. 'I'lie sptci/'.r tpuititp of the paint also is to be considered in 
the delinition of this power. 'I'lie lightc'st paints have tlu' most 
covering power, White lead is about tj.d time.s ns lu'uvy as wntt'r; 
iron oxide 5‘ times; yellov\ ochre to -I time.s, etc,, etc. U ith this 
variiition it is numifestly almost an inipo.H.sibility to get the Hanie 
number of particles of the same si/.e out of the same weight of dilTenmt 
materials. 

Fig. I n'presentH the covering power of a number of paintii and 
inert pigments. 

M'he refracting powt'r of light has much to do with an under* 
Htnnding of ihi.s covering power of paint. 'Fhi* greater (la* refraeling 
power of the pigment is over tliat of the oil, tin* better will Im* the 
covering power, 'Ha* index of refraction of air is I degn»e: watiT, 
l.IM; linsecfloil, l.lH; ghns, l..di)to J. silica, l.d.d; feldspar. 1. .*»•!; 
whiting, l.dd; chrome yellow . d.tKI; vermiliotj, .'1 2(1, etc, 'riu’re 
j.s no (‘Xceplioti to the ride flint the liner tin* '’tnte of division to which 
mil/ pigment is ri'dueed, the lM*tti*r will !«• sfs eoverilig |HiWer, Sul- 
plinfe of lime, barytes, felds[<.nr. silica, tide, whiting, etc., are all of 
low refrnetivt* ]»ower, and of tljeiiiHeli'#*?-*. isidepeiideni of this refrac- 
tive (jiuilit)'. (lo Hot I’onstiiute gtwMl pi|»nieni.--*. ifiouglu wlien naxeil 
with the melallie pigments and ground tug«*llier in the oil the rivult 
is u pigment of g*»od covi*ring |K»\ver, ali!io>i: as k«mhI m l!se la^st turn 
of the eoinhinali«»n, h'ur iiistnnre. -Ml i*rr rent of sulohati* of lime 



the use of which is objectionable so far as liimtlillsty iiml pmiwty 

power are concerned. ^ , ,, 

The covering power is due to two quahtiw. I'f»r iiinliitiro llin, 

whitewash has very Httle coveiing power until it Im'umm tiry 
Barytes covers well as a water paint, teauw the water kmvm it a 
a dry powder on the coated surface. But btiryto rowm tKK»rly li 



Fia. 1.— Ckjvt*ring ttf 

oil, because the oil remains with it, anti tii© %ttt il llifiitigh 

the transparent film of oU. 

Prof. Von Bezold’s experim«nt«,^ from wiilrli I f|tt«if\ 
how lime, barytes, white lead, and other pkfitrtife. 



the powder will U])pear while, and it will be impoKsible to nee through 
it, but aB Boon aa water in pouretl into the tube, the powder, to a 
eertain degree', Ix'conu'H traiiHlueent. By HubHtituting turpentine for 
the water, tlu' dt'gree of trauHluceucy in materially iuerejiHeel. If a 
amall (piautity of Hulphuret of carbon w added (o Llm turpt'iitine, a 
liquid in obtained that re'ileela (Ih'IuIh) tlu' light about tw powe'rfully 
tiH gluBB. If Home (»f tluH litjuid be. pemred upem the powder in the 
teBtr-tulu', tlu' powder will dwappear, aiul light piuwe'H thnnigh tlie tuljo 
iiB fm'ly an though no powdi'r wi're j)rm'nt. 

If a Holid gluMH real he immemed in Hucii a lupior (or a niixtim* of 
olive-(ul and oil of eanHin), it will appear as if the rod only reaohotl to 
tlu' Hurface etf llu' liepud. Within 
the iitiuiil tile nul eauuot be neon 
(Fig. 2). 

It irt hIiowu by thme exjieri- 
menlH that the prcwnce of ono 
IraiiHjum'Ut body within another 
in only deti'ctiHl by the eye when 
till' two dinVr ill their jiower of 
refracting light. 

Many white Hulwlnnew uw white 
heeanwe llu'V nro in Hue particla*. 

A while lily in white heenimt^ it 
conniHlH of lit tit* celln which reth'ct 
nil kimlH ttf light, again ami again, 
until it reacht*H the eye fnan wane 
part of it a surface. Water tev 
vamtm white wht*n it w hruken into 
fine tlrfqw, uh in a waterfall t>r t»n iht' enut of wav«. Witite lead 
luul zinc tnvt^ their whitenew tlieir tleiwe, fme, lutwcletNlike eondl- 
tit»n, nn»l tnnwpiirent beconiiK white when finely pulveriml.” 

Ah Htatetl l>efort». the finer tlie pignieni w PiilKiivltlwl, whether aa 
a paste which w iiftenvanl thiniiwl with oil or volatiN te^ a ctmafet- 
enry to spread with a brush, or is ijrnurid in the oil direct (a proerwi 
that all pigna*nt.H will not endun' without -injnrv' to their cnlor---'tha 
W’ark't haul chrtnnate, for in«ta«ee) U% the pr»|M*r eon»iith*ney to 



Pta. 2. 



ULUAlJiX i f-i 

sulphato of linu) by woijvht, ^ivo «».-( ru’. ii.M • •” , 

power. Prussiau blue, Uu' .seurln.s luK.--. om --ff.’. > ' • d > u 
be callocl “the I'lipUw on H.-.-miut .4 n.« ii - ^ i- “ * ■. 

out, l)()Hsess tluWff////-<//Npr/\s7m/ /Norrr \\!arb .a-. , r.. r. . . fi 

their covering power, wlieii in i..r o-rn.b f.. uu 

substances tluy are absolutely unrlhh - 1 h. r . . I- ^ ' • -.I i i- n. 
nominated stains raUu'r tliaii pninlN; lur >•* n« j-ih% i; ^ < • i !:.« >. nu 
of protection from decay or ctirni.'-iou wUu U ,». ■ ..n ■ c .. r . n n i 

is solely from the oil or liiiidd with wldi-h ii;» » . 

The desigiiiiig of a paint, fur uluiien . , j . ■ . «, 

eludes the cpialith'S alreaily mcnflum-ib vi/ : .ft!;. i o. i * , 
ticity, working ([ualltu'S, drying unalith"’, doiwbdsf - ’.5 .• p'-.M-r 
The other (puility, ilu' cost, cannot Ih- innojr-l, .m.’I -.'■jU • -n- 

sidered later, as wt'll as what pigments Im m !■ i.«t iL. ud.* . ■ o' m-* « 

All ])igiuen'tH do not contain all of ihf uIh.u' tpi.ih! s> th. . fi s 
natimdly aris(’s: Is it necessary for a plgntrof t»* b< pc.j,- ,a mo.: s 
with inert substances, or can a la'i'lain ;n«iMiuil i*!' • b» t; j .. . 

with the pigment willnait (h‘lrinirnt i" if ' 

Experiments of long iluration lead t" Ibi- ckjxJ . v fi d ft. 
oxides of iron, hnid, infingaiase, and ofhn fiMor pM; •> * , • b. 

mixetl with large anuumls of thesr inerf M(bd;int * .■ ,* f*:; . • t 

and generally to the niaiufcst iinproveimnf »>!' il. ? lo ! .. m... 

teetive agent on nituiy struct nre.s, notal'K s.' f. »•! f. ■ 

A single ilhistra.ti(m will sullicc to lonKi' ild ? ? » < j ■, .,j 

iron is one of the stroiigcsl- of pigiui-iit in us . s .. . ? li ..u.' 

ounce of this pignu'ut be s]iread in tun rt.uf i.ms ; s nsp. . , 

say two wpiare fef't, so that, tin* Mirfm-c U- * 1. 1- < •. ... a. j 

the job be ilec.lared a .siilisfactorv jhh* far a- » <->, « sjf ’ j - in 

cerned, and in the Hecoiid easc^ an imncr i»f iLr . inr.. ...j . • ; r •? f..i 
mixed with thnai onnees of baryttst, kaflin, 5,'^. •a.... . « n 

paint be s])read over two H(|uare ffs't of »,mfarr .r r . , ' , 

that the amount of color per nnit of ‘iurfarr uil! U- i*,. , r- ^ f i, 

cases; but in one case thfu'c is fimr titm>?< !IJ^ lieu li |>W'! - • ' <■' s:. ! ' .1 

other, and in the second cuHe tl»rc*e-fonrt!sM il,.- | 

inert material, h'or railway cam ami w«Hhh-n 
bilityof these paints would he in favor of f hr n.-, 


It iuthu't'H and proinolos oxidation in all organic MuhstniuH's with 
which it is brought into contact, and in nearly all luotallic bodies. 
In an oxidc"«»r“iron j>aint it is the* oil winch d(‘coin post's, it Ix'ini^ 
the organic matter. 'I'he dt'composilion in due to the expo.sure to 
tlu' t'leiuenl.s aided l)y the oxidixiiiii; powt'i* of tlu' oxitlt' of iron pig- 
tiu'iit mixt'd with l!u' oil. 'I'lils .statement holds true only where 
then' has Ix'en ikj elu'Uiical chaii|i;«' or combination betwt'cn tho 
pi^mi'nl anil tlu' hipiiil. 

Whiting, sulphatt' of lime, baryti'.s, kaolin, .silira, feldsjiar, and 
tale are the principal inert .substntici'.s u.sed in pi|j:inents. Whiting, 
gypsum, and baryti's are the best of tin* list; the otheiv, grinding 
greasy, are hard to griml, or of a nature n'udily dt'ccanpctsed by 
water, are objeelionable. liarytc.s, from its gn-at weight, is objee- 
tionnhle as a jiaste or jircpartnl paint. It.s u.ho as an adulterant is 
given in I'hapti'm VI and W ill, 'rhe .HvdphuU' of lime (gypstim) w 
no dtaibt the of the inert .Hubstmu'i's to mix with any pigment, 
all things rtaisi«l{‘rt‘d. It sliould be thoroughly hydratcnl. As high 
as 'Ifj p»‘r cent by vvc'ight of tliis sub.Htnnce can be* mixtnl with 50 per 
ceut of HeM<|uioxide of iron for a pigment. Many of tlte {ixitle-of-inm 
paints are madt* hy ignition <»f copp«*rns, and a notnidc' aiimtuit vi 
sulphuric acid is usunll)- h'ft in tin* oxide which tlie heat has fniliHl to 
drive olT. k'nim 2 to .'i per cent «»f earlamateof liim* isnddt'tl toneutml- 
i/,e the fr«*e acid, ehaUKiiig it to sulphate of lime. In tia'se projMiiiions, 
tlte piKinent really eonsisisuf .50 per rent ctf «»\i«ie of ir«»n and 50 jK'r 
eeiit of inert Jiuilerial. all hy weight. Any oxitlt' of iron paint whieh 
eontaluH hydrattni oxide or fna* St will deteritwaie rapidly l>y oxhli/*- 
ing the litjulils, while any fn*e St b will retanl the tlrving of the paint. 

A good paint pri'piiris! h»r spremling in onliiifiry tempeniturf*s 
upon Woollen or eomjMwite stmelnres has the ratio by v«»lunie {>f 
alnitu one-third pigna'ttt and two-Utirds oil or lltinid. The priietieo 
ujtott «»ne «»f the* leinling riiilwiiys «»f the rniti^l Statw, whr*rf' tlm 
material^ psirehnseii for piiiiits nmmmt to over SlitKt.tMK) yearly, in 
to allow 75 jM'r rtmt «»f pigment asn! 25 |H'r rent of oil by weight, for 
the paints applied t«» earn and wiwKlen s.trtsrtitrt»*. 

l%xj«’rime!tt.K determine that the moiht dnridile psilrits ar*' thoiie 
whieh eoiilain n large aitioiinl of piEiiieiit idstiffitee; and that 


ical injury; second, tlu' acliuti t»f ilfirtf-riitUH !•;» r'>. • iu Hsi.-al 

action Ixitwccn tho ingiuonl ami iho vt>hit-lr nr h*|t«4 . . h. uu.-il 

action between tlio body eoverod and {)»• jcisui. min t tl.*- |•u:^u.•fst 
or the luiiiid; JllLli, the action of light ; sKtih, |»r!-lihK . ■>» -■ * •i» '=iiur« 

tion by cleaning; eighth, wat<'r. 

Many inaHter ])ainii'i^ and inanufnctnrt'r^ idntisi tlj;d flu- dr-.insr- 
tion caused, by cleaning and the action of uaii-r nu' tl»»- w.-i -t ,.i fbr 
above causes. This in true so fur paint aftphrd n ':f! n* .1 

is conccnicd, but has no ndatiou to the caisM-^ whirh t ilii- .!» -{nir 
tion of paint applii'd to iron t>r strel hinninr»">. X-- sm.* ! ».| ili»< 
above destructive agents are coininon l>' all '■.inn-tnir- 1 •.b-n, 

metallic, or coinjjosiU') which ttepeiiil in n gtrairr *4 Ir-:,! =1. j-n r !,.r 
their preservation from decay or corro.‘.it»n. np-aj pjsisji psn.!. j wldrh 
name all paints, oils, varnislies, jiipauM. and jouiaerj-. ;a»- >L5 . ,r.|i, it 
maynotbe amiss to discuss brielly each of ihe-c r;uiv«". ns .i.-i ,ui l.rs..!*- 
citing the destructive agencies wldich rebate Hi.jrlv f«. t!;e 
of metallic structures, tlii' prevention of which will i*'*p!!!e tfie Con- 
sideration of other preservutiv(' melhoth limn j>:uu«.-n .a win* h su.u 
be used in eonneetion witl\ paint hi seenre the be-i f.o.i*-. <ne i.- .nls :. 

First. — Mvehdniatl hijurg to wimhit alrntimm ji n.-f .« -..-u.er> 
cause of deterioration of [lumt, Near the He,'i'di<*ite fl»* wot i 'i.ut*! 
have the effeet of a suiiddilast, whleh ents away tSte piunt ?.»ps siv -oef 
in this case the im ire elnstie the puint, the h-K^i will !-• fi.. 
ical iiijuiy. Ibis saiid-bluHt action in tjuifj* as efb-cin,*- ».jt iVtjo' 
structures, and as generally tlu*y are of a mori- inii|»«H;iiii rh;U;»« f» 1 
than the wooden cottages and minor buildings ..n ihr tv. 

action must be. guarded against. If tlie ji.aint ciialini,'' »■; »4 a 
spongy nature it will resist the snmhbkHf. l.nt will 
from the air, and liasten eitlier'lhe o\idation of ilir ..j ih,* 

metallic surface wliieli it coveis. 


A further injury to uu'tullic stniclurt's can !«• r|je«.-.i un-lrr the 
head of mechanical. Vi..: that arising from the ,.,p„n.b.i. and cn. 

traction of the vanoiiB parts from llir i l,,.!,,..-,. 

are constantly going clmng,* rtiiigiiig fn,r„ .|(i I 

degrees 1 . not being imiisiuil, I( !« „„ i,„, in,,. 
paint compound so that ita (■oedieii.ni „r „iii i„. „ 


iH tho tuU' oi tlu' Hak'Hnuin. U may be argued that, tlH»Ho changes 
(‘(lining from tlie external wirfact^ of the paint and being traiiHinitbHl 
thrmigh itn coating, it will la' tlu* first to adjust itself to tlu* n<‘W or 
varying relation lu'tween the nu'tal and the paint, and so will work to 
the advantage of tiu' paint in making the change, this la'ing in ordi- 
nary eases a gradual one. If the paint is of an ('lastic, elose-elinging 
material, and not a hard, vitreous om*, tlu* claim will hold good. 

'riu* compoundri which most clost'ly jiartake of this nature, will 
be spoken of heri'after. An addition to this problem will be had 
when tile Htrains due to the action of wind, the passage of railway 
trains, and those* dm* to changt's of a sudden and vibratory character, 
togellu'r with the action of snow, hail, and water driven at high 
velocitii's, are add(*d to the t(*mp(*rature changt^. Tlu'sc* straina 
iKH’CHHarily come to the metal first, and whatever changes occur 
in the baw by the Hlraiu, the paint must accompany them. Ah 
these strains an* gi'in'rally of a vibratory or ]M*rcuHsive character, 
it can easily lx* H(*en why they Hlumld be elnsw'd in the list of 
nuH'luuiieal injuries. In fart, th(\v art* a mieeewHion of blows which 
tlie Htruettm* muHt ahsorh, withstand, and cxtingiUMh within itself or 
its comuM'tioiw; the Htruettm* then n'liirnhig to its nonnnl eotidtiion, 
the paint or other protective eov«*ring must aceompany it, instead 
of loitering by the way and being grouialtHi or “left” in the ehiiin of 
opt'rations. 

Striintt. ' 7'hr miiim of drHrtiaun gtmrn is very familiar to tltt«o 
who have sludinl paints and jindwtivt* eomjMitmds, Suiphtm*ttiHl 
hydmgeu is one J»f the nuwt eommon and aetive of thm* giuttw, and 
is fonncnl in r*xei**«ive amounts wherever eoal is distillwl for illununatlng 
gas. SultihimniM aeid fumw alj*o, beiJig disengagisl in the eombtis- 
tion of coal in tlie tnitny art», triiii«}Mjrtftti«n, anti manufacturing 
|irocef4«*« of the day; gaw euKendertHl in workshofw, Iwing of a 
com|Mnmd character ranging aminonlit, cariMuiic arlst, nitric acid, 
and other fnmw, are active agents of eorrositui U» rnetitlUc IkmUm, 
also to the paint romiHmnda that laiver them. (Ht*e Analysk of 
Hmoke, C* hai'iter XXXVI.) 

nHim lM*twwn tlw pigment and the vehlele, 
Tlii« is an exemlingly im|K»rtarit fieki of im|iiiry, and lately an 



i I aniirt vaiy m i.ui’ii l»u MUIU’IU Uv; 

('Idii'i’ nu'l.aHic, woollen, or ollu'r HurfaeeH; nolahly /Jiic whiti', which 
jicels iiiuler alinosl any condition or from any aiirfaci' to whicli it 
may be applieft. ’’I’liere is no othi'i’ pigment which possesseH this 
property in so marked a de|fre(>, and it. is dilhcull to nssi|>;n any rt'ason 
why it shonlil peel so batlly. A possihlt' canst* is that, tin' x/nic white 
combhieM with the oil usi'd in the psiint and forms one of the com- 
poimds known as inetallic soap, this parlieular oiu' heini^ zinc. Koap, 
a hard, brittle, non-adhesive siibstanee, ea.sily removed by mechanical 
injury, water, and in tin* process of cleaning?;, etc. (lalvani^^ed iron 
poxHcHHCH the pnipi'rty of causinijf almost any paint ujiplied to its 
Hurface to peid; in fact, it is otu' of tin* womt substaiiceH to covitr 
with a pij^ment in a sal isfni’tory manner. I’inperimenls made by a 
leadinf^ railway company in the I nitetl States, in which a number 
of tlie best pi|»;ments in use by that conijiany for all deHcriptimiH of 
railway wurk wen* tried \ipon indvani/iabiron car-roofs and other 
|i;n ban is*, ed work, cornices, etc., showed at the end of thriH^ yiaii’H 
that but one of the list was in any manner satisfactory, and this one 
was a palcnttnl compound with bihidpliiilc of carbuji aa the vehicle. 
( irdiuaiw trade colors arc of the most unri‘liable nature when applied 
to juiK aniy.ed iron expose I to the iryinii coudition.s of railway service. 
\ arioiiH reuNiaiN have been i^iven for this peetdiar action of paint 
npoii /lalvani/.cd inm. t hm of llic most plnnsiblc in that tin* tiso of 
sal ammoniac in the process of |,udvani/.inic cnuseH tin* formation of 
a thin him of tin* basic clilori«le of /due on tlu* surface of the metal 
bciiiK galvani/.rnl, which mnlcrial, of n hygroscopic nuturt', 

fictn as n rcpcllant to prevent the clnsv a<lhert‘ncc» of the paint to the 
nielal, ami the phnneni drie?» as a skin over it, Sheet '/.inc does not 
hold some kinds of paint. Sheet lead nkai is dihii'iilf to <*over. atid 
paintK which take tif» and lend will md always adhere to /.inc. Ah a 
lycncral rule, fin* stmtig oxide paints take thoi* tnetnh ludter than 
talc, (•■ohri*, and the eartliy piKtncnts. Xo pOHiilvc general Hintement 
can i»c given, and the |troblcin of the jidaplfibility of paint ton metal 
to fsrovi'iif peeh’iiic ^•ttll niHsb study for each appliention, PaifttHap- 
plic»l in cold Weather, and which are c*x[«wisl a fne4 while drytnir, 
will uhvnyH piad. nnlcw the p.aint i« wnnntN;| to about 12d tlcgrtHW F. 




«>f the* litjui*!, lH*giiiitiiig !«* «!ry flu* Fasrfisni, 

fonuM a Ui'm but luml t>r vitmuin murfiHT wiurii riijirsh? lijr tmllwr 
cvnjMmitiiUi uf UitJ vulatih'M misl |ir»*VHj|>s ihr m-rtwi i4 
IIh* air, whit’h w nm'wary iti lUt* jmK-rafi «4 4rviiai,t. If l!ir wiirfarp 
tliUH ('tivcrcHi hfw InfU jwiul»'«I evhiii* at n I«'!ii|»rriili4rr ««r «liiri«g 
a daiiii) or fugny nlmiwjtlt«‘rh' ruiidiihai, i«n»l ?««*« thrrr b » 

inarkcMl riw* iu tin* trjujH'ralun’ nr a fall iii ibr he grt»?!rn|str 
tjf ihu atim»fij>ht*rt*, llicu ihu piunl b liablr l«« at «nirr. ««r 

aftur tlui chtuigr. 'I’llin idlrfl In tthrrr tls»' r*»f»lstj|i: in » 

hmvy i»ui*, or »»uo hnnl to by rrii.w»» «•!' ihr rjiriliy »»r isw-rt 

KUlwifUU’W iu tllo JUKlllollt, t«r if iM'U^iillr hli« Iwt-Si nsrd lin » 

Ah a gi'UornI rulo, //ir mart miifnimnrfu tlosl mlrr inln n |.iiiis|, 
oltlu'r IW lUin* jligtUUUtH, iut'ri milirtlllfir'W. nr m thr nf 

tlio ru|ui«l, tlio ttum* linbli* it in l»» javl, A tsusall iuiiMJiui n.f ijnln »»r 
lllliuuil or lumnlryitlK VOUrtabh* nib. Ihntiyjt t»e fhr a.MlIs.iii 

of uu'lallia hhUh iiful uwi! iu l•nllu«♦^ii••fs eeiils Iisk-*'*-*! «*r nihrr Mirri»i}%«<t 
oib, ftlnu hfwlf’UH and punidi^ fnr Ibn rrrtiduse nf ibr ft-rhisf*, 


4*lut jHH’hug id paint fmiu u«Meslrii rsurf. *»!•«•« in efffii 


rnfi 4 f«ni,|j 


n!i¥lSiWiiiUTH1 



Fin. 3. ”0'tlut*f' fonnwikm nf 
wfiml murfag lti» p«4lr»* »*f 


siud air iu iho rrllulftt iMnuatum *4 
tho (m ahnwu be ih*' rnl. Tln” air 

and luniftiurr iu lli«- rrib 
a plMtsi fiw iu i«"fu|<«*riiturr. Mini iu liirlr 
f’lTiJrtH tn tW'J |»t* fh|nti|di tlsr nlfU-il 

ps»li it up IU !i**- 14blrr» 

timl rntilaife tl^r i‘*suilrisft<f«l usssbitiir, 

and Iu llir «»f lliP p«}ii| 

in bibtrrw nr In »iri|«», 

A pigfurisl rnfis|*«r«l «d a iitifiiU-f 

Cjf «j|wtflnr«. lIu' limlf-rlab of 

whirh bv tlirirw'b r!rt uniiFI bsfiii the 

imab of tl |*lilli!, %iliru 

trtgullu’r H'illi llir lls|S!i4. |M*rr»4».iifii%‘‘ 
iirtflorff* a diffiwril rtiriulrsil ur ij-i.u ilinn 

tl$o win’i-nil i4 liar 


first to break down or change, the decay of which hastens the decom- 
position of the others and releases the bond between the paint and the 
surface over which it is spread, and the peeling process is effected. 

That these chemical changes exist in the above stated case cannot 
be denied, but have not been well accounted for. The fact remains, 
however, that certain paints peel, and though analysis of the peeled 
portion may reveal nothing to indicate the reason for the peeling, 
it is seldom possible to get a sample of the original paint applied, to 
compare its constituents with the peeled sample, and the cause is 
relegated to the hidden drawer of the paint-shop, near which some 
scapegoat can be found to bear the burden of failure. (For other 
notes on the peeling of paint, see Index.) 

Seventh. — Destruction by cleaning. This cause of the deteriora- 
tion and destruction of paint applies more particularly to wooden 
structures, railway cars, and kindred objects, than to those of a 
metallic character. It may be sufficient to say we do not wash 
down an iron bridge, roof-truss, or steamship, with a view to its pre- 
senting a clean face for inspection and painting. Almost all the 
binding materials of dried paints and varnishes are more or less acted 
upon by caustic and carbonated alkalies, and but little of the soap 
in the market is free from these substances. The detergents sold 
for cleaning are all mixtures of sal-soda and caustic substances with 
lime, pumice, and other inert materials, and the more effective they 
are for removing dirt, the better they are for the destruction of the 
paint. If, in the economy of domestic household matters, two re- 
movals are equal to one fire, then it may be cited with equal force 
that two good scrubbings with any washing compound, and most of 
the soaps of commerce, applied with a stiff Inrush, will be equal to the 
next painter’s bill to restore matters to their pristine state. Aside 
from the element of cost, it is no doubt the better practice, so far 
as the ultimate preservation of any metallic structure is concerned, that 
it should be washed clean with some of tlie detergent compounds of 
the day, in a very weak solution to remove the dirt, then sponged 
with a liberal amount of clean water, then be allowed to dry thor- 
oughly before the new paint is applied; but I must confess as an 
engineer, that the above method of painting is rare, and that the rule is 

fnr thf» nfl.int to bp mit on rpo-nrHlpRS nf plpAninD- +,hp nlH o.na.t ntirl. 


luijhth, ITulir. Thr dr’^f nu’inr urU««js i.| »>itri 

m( uij)' nihrr «|«<!, ihni 

('Xh’i'liiil vrry will rank !»■%! in 

tjtmUlir,"* t«i tin* ihiiTgrul Jiuil l!n=i' 

luis^iT ihmi j»iiuri|snit> iM-rasnu' if im is-vs 

thf ui'tlnl) ul ttjifrr. llU'ffl r\|«'U!u«ijl3 -'lixM »ii 

Utul ntliff wiliiMSil piftssn'iif , i«r*- |5*4 is 

vvnf rr-n‘|irU»MJt . ttu* ml in wrll liur.l, ihr .spi^hs atss 

nK\nv> THUM'H tlir ml t<» ii •^hrn «'ilrsi a|>|'.ra! ,»n* 

liut? il liiiJ' iiini i. .iiuii *ii-iiss» i 

c’fjHiiiu'fUHil. tf iIh* !«• ».*hiuh»i-4, U>i- rti»i 

tff ilrifii ml will >}uill}i il««y 5f*siii ihi- -siuljisr «.M-r a 

liiutr-wnlrrt tin* '-irnMlal*- 4un«»»ujl ««| anuus'nni iiiai 

iiirtviiM’i’ lliif^ di'?>lfui’tnr iirln*si mi tli*’ alrsnl **t\, amt ii»r >il 
nwny nf g«MHl piiiiili* ruulsuniiii-t Iw'-.-iS kinsrtn !•» \ 

iullut*iH'»’5*. niiil whirli liit'n riuj !»«' 

to ihiN m'fjMti. 

’I'lif l<’«t l»v pjunfr-m, >>i thr is!»ihfi < 

pninS rrsiiHt inutMlurr »» l«* r«»a! n n-.miilh 

wlu'U tti'll t«* iiiuiHTii' It m %\iitrr t(*r a Irw tu 

rhmmrN HI j'nlur nu*! inir|[.trifv ‘‘If tin* |»iuj*f 

1 *r. lhl»nrV*H i*S for Ih*- Ii aniii Haify* 

fiiiimi of tt-filrr »!jn»}i pjsiuljn nrr ifdf'rr'!>f »<|^ froni ipr » (itr 
ill limklfiii llirsu liinI rrrort|isi|? lilt' r»"«nl!,n 
plf« of » psillil for ij.sr i8j*»»Sii iinsf woumli-n 

U‘rrt» iiiiiilf* uitli riiw IsiiM-tii -oi! mul st %-rrv wnsmll aioMnni 
Witiio li«|iii«l lifing ti»»'s| ftsr nil fhr nii!n|,ir'« «itli ^arirrij.? 
piliuiriit, Jill till* |ir»»|wtrf lojis ItiiJn.* i«i- r.»!i 

piiiHlf-i tvi-ri’ s|«r»’n«l nlsinM, mul .jj||»s«»-=s} !«» laaf'lrii 

tlirri* ttr«*k?n I'liifii' Miiisipir-fs wi-ro thru |«|«n"i-al 1*-% ■ 

«8linll jMni'ioU of till* fslirfiiro of »-tirh risVrr'fsl tts’lt ;i jfli.ls'o,' 
Tlil^ glolmlf* tt'jis ri»v»*ri'«l to pri'v-mil rvji|M»f«ts.sn. .ss!i,i i| 
In .nt flint for Iw'rlvt' l»» liosir^ 



linseed-oil and the pigment has the specific gravity of ordinary oxide- 
of-iron paints. 

At the end of the period named, the behavior of the samples 
was as follows; No. 1 coating was found to have cleaved off the 
glass and had become shrivelled wherever the water had touched 
it. Apparently the dried linseed-oil had soaked up water, much as 
a sponge acts as an absorbent. On allowing the water to evaporate, 
the coating dried down again, but not uniformly, and was apparently 
weakened in texture. 

No. 2 showed the same characte istics. 

No. 3 showed the same, but in a less degree. 

No. 4 did not cleave off the glass, but showed where the water 
had stood. 

No. 5 showed a spot in the same way, but in a less degree than 
No. 4. 

Nos. 6 and 7 showed but very little action. 

It can be noted that here linseed-oil dried for some two months 
absorbed less water than freshly dried oil, while very old dried oil 
lost this absorbent quality and became almost water-repellent. 

To successfully design a paint which will resist all of the previously 
named destructive agencies, is a difficult matter. The field is an enor- 
mous one to cover and but little positive knowledge has yet been 
obtained, though the investigators and experiments have been legion, 
and the literature on the subject embraces volumes. Time is an essen- 
tial factor in the test of the qualities of a paint, and if the experimenter 
is required to wait five or ten years to determine the merits of any 
paint, or what effect a slight modification of the proportions has upon 
any one or more of the eight destructive agencies heretofore stated, 
a life could be spent and possibly no conclusion reached. 

Experiments are numerous in the field of designing a water-proof 
coating to be applied over the pigment which has been found to pos- 
sess the most preservative qualities, independent of the water-repellent 
features, but the goal is not yet reached. How effectually a thin 
coating of the proper material can protect the surface of a paint 
which it covers, can be seen in the lettering of old sign-boards, which 
is perhaps an example of the most durable paint of which we have any 

rpp.f^rrl 



jainpbliu'k is «»f tiu’ jm/rr-rrirllrnfs liimwis, !linl it is |>rii<*li- 
{’ully iudwtnu'libh’ Uy ur »iit| iwaiig i-'rr .»r *«f att tnlv 

tir iutlurt’, whi’ii ihimhI v^nh a |»ufr «3ii in ilww* rjw-a!^ 

iitul bfiliK in ii luriwm* rWlir. it hiM^ I'ffw-ltiallv |»rr?.rr\i-*l ihr mtrium 
littfl rust till* WiiU’t t»s mirli thf mii|rrl)itig t»| wlnir |rn«l. 

Having w'l f«»rlh llin gnu ml rlmruriiT i4 tthal « .siis*n|4 In. 

fnr thn ‘»f |»r«»iti'f.it4g ?»triu-f uri^* Mr r«!rri»»t»ii!i, 

tttul Imviiig irulis’nii's} ihu nu***! I’ftrrinn rinifaw tilsirij |»r«»vi4«’ mt 
jsnsnuitr llu* ih'filriu'tisnj »»if tlir s»l»Jr«-t aiut it-^ |i!r*»i«‘’ri«»r. ti mtn J8»<| 
Ih« niiiifw in sjM’iik nu*r*- •Irfantfly isii 4 l*’rniil« ttlnrii *’nlrr 

inlis pidnl s‘«s!t«jMstriu!» whirli \irM lUr lu-st r*«* 5 n|l;i »* grin’ral |»rnriir«‘. 
Him? ri 9 iijlts iirr ham'sl ij|«»n thr «--%|«-ririsrr ilnsri li»r ai l»iiit«l m 
nt<*tsr«lt»<l t»r {lurujstt’*! Hiul n^l Ihr «4 mtmr »»r 


ihnsr «’V|»«-rijnrnl . 


(’IIAITKIl 11. 


PAIXTH: statistics ASU (JKXKHAr, f’ir.\UA(TKn. 


'TitKiiK ur(' ill du' riu((*(I StiUc'H uf tlu* present date fUKKl) aliout 
'120 (inuM ('iiKiiijt'el ns iimnufuetiirerH niul eoinjidun.lc'tN cf 
pHMle.s.!intl paints of all Kradi's, rc'preHf'nl inn: a yearly (Uitput ecpiiva- 
lent tn ulumt Ot), 000, 000 i^nllnnH of inixtHi paints, that cost not far 
from son .000,000. 

'Phis represt'iitH about 570.000 siiorl tons, and wmd.l eover with 
one* coat 000, otto aeres or MtK) wpiare mill's of Hurfaee, ri'tinirinff 
fiO.OOt) painters to spread it, 

'Die fidlowing details are the nverap* amounts of (he prineipal 
pigments used 111 tlu‘ I nited States for the years iSilK to 1002: 


Irna n\id«*, ’ia.ruM! sluui len«. \'.nha* IUi.75 Iti fJl.iM) {H-r lun. 

" " " '• " ti.(M)rurni..rtnreul.,r«. " 

While lead grmntd in oil, hA.Umi nhort toaj*. Value .7.25 lo .7..7n eent« iwr tKUuul 

'* " drv 25. OKI " '■ o .j.7(, u, UHt >• •« «. 

" " imiMirted . . . ,i'«Ki lit 7tHi liuux. 


Hetl lead n, OK) diort tonn, 

" " ini|Mirted . . .. . . UK) to HlHI (utui. 

l.itlun*ge . , , , II.IHH) rdioj'l toun. 

*' iiu|Mirted It) 0» :i5n Um». 

Orange mitteral ... . . In/JMI Ioub. 

'* " iauMirteil ,niHi to 7t«i Omw, 


“ 5 .:tl) to n,M> '• *< e 

“ f».a) to ,5„Hn '• " M 

" 7.25 In 7.5(1 “ ♦* 11 


Zine u\ide -tn.'jK) tons, '* -Jjm} (*, .j,25 *' «* n 

" " Imported in nil OhiMK) *' Dry, tifiU ton». 

Flake graphite. . . ....... 1-150 Unm j 

Asiiorphmrii {craphlle. . . , . 2f»(Ml *• > Vidne 5.5ri to *• *• u 

Arheson'ii ** ..... tk) ** ’ 

Oiijwtrtetl graphUe« of all grades Bvera«e from 0* to Fi tlmeji the amminta 
produretl in Atnerien, 

lii'lirra of all Krmles «*ere pri«lur«-d ill 13 different Stiller, iVnnwIvimia fur- 
nidiliiK ‘«^‘er itiiediHlf nf the rntirr inilput of to nhort tons. Value 

HFfiC) to 17 .IK) |M<r ton. 

Irn(«»rted »«*hr«*», 7.7iM» In ton*. Vulne $7.7n t« i7.IK) |iifr t 4 «i. 

Hfwmhh hrriwn, jirineljudly fmm Marvland. W*i to ilfK) t«fw. Value $i7.7tl 
tn jH'r ton. 


Whnt jfr*»|K»rti«*u oC wrrr rr-rilH- rtfsitlsr'il fur tin* 

i«»n nf !iit»inllir ««ti ?sln*r»' ••r idlMiii. ii i-i aiiiiir?i|| tu 

.It'tiTiuinr; lint i«nr-l'M»itlh purl luny tiskm ii.-'i list- wnth isllutt.yin* 
tu rtiVff till’ vlTrrtn «*|' rurr«*?^intt ui in ?!<*!«»• ,|r-|prr in ulmist 

nvrrv iHC’t Jillif ?4rurlijri* ihiit an***!.* iIh- jin*! siiii) !«' ruii?)islrr»'<l 
ti34 iIh« Htiiauil rmit ribati«‘a l«» tlsr rMlfr-t'-i >4 f-urru-yusi 

‘llu’ {t*a«»r ••!’ piiinl Irinlr lilt-iiilnrs- wuij|»i |rmi llsr lnifiiitii 

tn iaflT timt rurh «»ar I'f tlir aut*'4 l;?li fjitu-j i%;rs Ihr rs||lit 

IUI«! «*ulv ni»‘ thjit (If «ii«l fnrul’ifs fl»«' fsi'O'*'* in! «I!>I isisii^-ri^bnbln 

pniat thnt hn iviu-i ia ’-n’lirrh Hu* «'n-*fu?i>,rr ttho-i i-i tn -«’iirrli uf 
fnrfM iw wt’ll piiitil will tiaii *»f ih*- fursiin-r is* llsjipirri \', 

xxxii. xxxiii. xxxn . \\x\' lluil lisin gnals* I'ita ia firlr-ri 

llji* hifli’r. 

I’Isr gnniliT purl «*f lh«’ pi», Ilf’S! lanl pibniis *4 ilir «!j»v .‘iri" 

ioiJ.-’i, Mf»<l Hfi' prr,?!ral»‘''i t»* tSsf pni*it»' ia funini Ihn 

ln'tlaf til I'iiai’i'al tUa lu’luiil ruai|w«nt!t juts »4 ihr pi|'i»s«i»t.-5 »n>| !»< fravsi 
uU; jil'411 li« flsi’ jpailsi^ «4 lh«* ^riiSfl*-, iin la lIs*- furm «4' n, 

pirnfi' iir pisial it rfipar«'?» ftkill iia<l tiiai" l»* jia^lv^’i* « siistupld* 

Mf fillirr. «h}|»' appi?. i!)|.* ia g«-a«*r 2 »! tu i!»f p»mt liuimti! 

ruInrH, «!»«•« nt«! «n«*?apt »*f aa^fsl pniat, siuki 

i»ivi‘)y «« fi’rrir priili'i’liv*’ «’«»ii!iair», 

*ni«’ri’ rtfi* lit llii' pri'fwal ilin la'' para l*fi»isal*> »«| «*iJ. ml, 

whiii* liUiipbliirk, 8»l»*i iitfsi’r p4t«sral*-> sanaafai lurni tm 

iitiv r%‘rr laialr. ttift ua- i»fHrr «»i» llif M^rraiTr i|iii}| 

fianlf’ iaitnlmi u-isf^s ?*«! tlw-rr iurt' ii..uri' ifiiii nfr m 

grrtti ili'iil liKKirfr, iiial laurr »•* In, «»lri|irffi»fsui5ri .4 lint 

}iu»«t bnri’farti! rliiirMrli’r, 'ilirm is? n pa-isl inH siisfiifp* in ilsr iin«' .*| 
fift'pisR'il m ll«*» ipmlii^' *4 tisn iflsit-li' r«itsirr-«i ti, |sf!ii|| 

It til pililit riitl l»«* flv nbtu Ibr sirii'tii i-sinl «lia| 

istaniini *»f is* V P* aa-rt nt»v *’u8s'<li! iuti pt-r-ftriii rit llii| 

titiia «n<l iif iipjilvliii? llw' 4r'l«il-s tlijif sa iiiik;! rii-!r 4 

i'iiiin«it, Ik’ kjiHWii ill fiii viitsi’*" nr hv Ihr piiia! ruiii|»irt}i3slrr., 

in*! hi t«i«» nftl’li lllf rilfis*. Ii«« tiisilif"*! t»t|t uur kisni., sitni fllss- It ibr fuii-s 

f«*iiipliilwi »!iity t«y till* iiifffmirr in ptirr an,! ilw, i «4 lliil 

ninlmiifr. 


1 1, uim M MU m uiiu nint'l lU 

Hprc'uil a puur pninl as sv jfixul oiu'. Un railway ljrulp;i's, vuulvu'lti, 
atul Hlruciural ironwork paitilotl in ftiin, it cosl.s for (ho paintorK* 
labor about twiro tiu> rost of tbo paint ami in nuinv cuHoa hair timoH 
an inufh, ih'pondin^ iipcai (he* charnotor and ninoimt of .soalTiddH 
or laddor-work, 

'riiis HMMunu‘H that a roliablo jiainl ia nMt*el that costa abeait a dollar 
a pdlon, that will cover from .’KHl to ItK) wpian* foot esf surface* for 
(he* (imt. coat, and from fitM) to (KK) snuare* fen't for the* Hce’eaid esr a 
rt'paintin^ ceuit. hi the latter ewt* the* Hurfnee e*e»ve>re‘d may be* 
less. e>r the* same as for the first coat, all ele*jK'n<linic upon the* labeir 
of se-rapin^ e»r the* (*e)nilitieui of the* surface e»f the* ed«l coatiuK, \vhe*the*r 
Me’rnpt*d eir imt. (tbviouHly, (hti claim that a paint e*Hn ceait l(KM) 
sepiare* feet e>f surfne*e or more*, iiial pro\'e as duruhle* us ihe»He* e'overing 
it*MH Hurfiice, as al«*ve‘, in neit HUstuin<*el in practie’c, though it is ahvays 
peiHsible* (ei i^ci aehH*(ore*d reKtdt with any paint, liemel or bneh Paint- 
films that is, the* oil ce»Yt*nug the* ateujm of the* pipnecnl are* only 
fnan g,!., tee inch in thie’kiicsH. whiite'vcr the size of ila* pijicincnt- 
aleims. It Ktands to rceiHeai t!»at n tliie*k ce»ntiei|^ of the ve'hiclc will 
letter preile*ct (he* piKme*rst ateuu than a tldii e»ne*. If the* pignicnt- 
ateiin is siiHe*cptibh* in any elc|i:rt*e* te» alniosphcrie* influences, it will 
be* lew’i afTes’teel with n he*n\>‘ e-eiatinic of the* vehie’le than with n thin 
e>ne*. A thin ceentiiig usually implie*« tiuet the* «»il hiiH Ixa'ii re‘ehte*«‘el 
in de'iisity t<* reialer it t*a?4e*r to spri’ml, im«l to la* spreanl over a larger 
are*n, by the tint* ««f a lnrge*r epnintity »»f se»lve*nts, t*ither turjM'ntim* or 
hen/Jne*, Ihitn is ne‘«*e*Hsiiry with iityv gewnl ipialily «if either raw or 
iMjiltal lin»e*e*el e»il. 

lleHl-Ieatl paint, freun the* large innount «*f «»il in it ant! Its icn‘iil 
specitic gravity, spr«*nds o\er n liirge areii, fiinl it is lh**fii* fi*iiturtw 
tiiut c»u«* it tee run «»r e’rawi «»n verlietd or slightly inelineHl surfticwj 
piirlwulurly in the* first e*«i«t. 

A like* result, follows lla* iim* «>f ihtkr-ifmidiiir jiigineuts, llie 
atonw «»r this varie'ty of graphite, *»n «ere»iitit of tiioir siitewiih surfiiee* 
atnl hew cea'fUrienl of frirtieiii, fi|»|«*!ir t«t slide* ananul in the* %Thirlt* 
lM*fe»rf* it elriif< eneaigh t<» rf‘tain iheni in i<prf*mL The 

silica and l«iryt« fninituitly inixetl with .piicli pigments to give a 
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ckniniiifr, tlu* plutc'H nlill nhowcd thin yellow nml-KpotH, thnb nhovvcd 
plainly, hut of a (larkor color after coatiiij^ with oil. 'I'he oil wfi« 
Bcrapc'tl from sonu' ruHt-sjjotH under tlie oil on dry prdc'rH in the 
yard, and llu^ ycdlow color (tf runt, ho often found, wan developc'd.” 

It in t(» 1 h' rep’etti'd that this enjjiineer’s vit*\vs of what eonstituten 
a thoroupih prt'paralion t»f the h'rric Hurfact' for its coat of paint in 
not an exta'ptiou, hut the rule in nn)re than niiu'-ti'Uth.H of tlu' Ktruc- 
tund manufacturing eHlahlishinenta, .N'i>lwilhHtandin}f their (dainiH 
to pre-eminence in llu'ir profession, they have' yet to learn how to 
protect what tluw cre'ati'; and that they are eatln'r iucapaleh' of thin, 
or inditTen'nl to it, tlu* presi*nt condition of the* f(*rric HtrueturcH of the 
day is an unanHwernhk* evi«k*nce. 

If tlu* HUperi«>m do not uiuleixtaiul tin* iinportaiu’e* of tlu* pniju'r 
preparation of the Hurfnci* to he* eovennl, or the character of tlu* jniint 
niui luanner of applying it, e»r kIvi* thi*in tlu* same «ir num* con- 
Huk*ration than they at tach to other mat lets of cemstruction, it will 
h(* lU'xt to impoHsihk* f«>r tlu* inspen'tor tir muMlt'r painter to etihure 
IpHul w«irk. It nn[uire^H a niore deh'nnijUHl stand on tlu* part of thow* 
in ('hargt* t»f this lirnnch to (‘usure geunl work, than in any other pari 
of tlu* ron.Ntruction ek'tails. rntil the lu‘ad olliee’m an* zeaknis enough 
to cnri* Meinu*thing aUnit tlu* comliliem «if tlu* work after it has left 
tlu* nhop, and the nu’U actually in charge* of the painting are given tei 
understand that tlu*y will have tlu* tiiupustitmalde hacking and suje 
jH»rt of tlu*ir HUpc'Heirs in any stand tlu'V lake* against the* prese'iil w>- 
calleHl practical nu'tluMlH etf Kiructurnl painting hy unHcrupidous 
ceintrjicteirs, Jtist m* long will th«*ir we»rk sheew lhe*ir ne’gku't in the 
rapiei progrtw of emmesion, that will not- nea*!! w’raping the surfiun* of 
the ceiating to fiiul. 

dhe* low grnele eif hduir nvailnhle f*»r tlu* painters’ gang has much 
to ek» with the* generally tjn«i!isffie*tory r<*stdts ohSaincul. I’ltintiiig 
can Ik* Hlighiinl and hiH! present a cretliitihle surface* that will pasu 
inspection more easily than any e«ihe*r hrnnch of hand labor coniiecleel 
with leruige tir Htructnra! irouweirk. I*iiinfinK w as hard in mnwiilnr 
reepiire*me*nts as light lilacksmithiiig or the vi«i*»wt»rk of a mitchinbt, 


ill n liili'f, r\rn « im- iiu- »riilliri, isln| 

tilhrr nrt-' Iijvtirsil4i’' l«» mtuh* n i ininli, 

'rili'Mr liri* n|*|»ii!ris! l! 1*4 l«'„44i j-s ifj,. |i5ji|||, 

llfunl fur ihi’ runU IIH «liy WiUii *4 risir n% Lrr|-.|r,|» n r-s.|jU}iis;;jj|y 

Wfli i 4 tirr*»«! ti}» **» tlir |mi54-j«»i !»>■ tin- rstu k -Ui.,.! |»i tiii- linifiit) 

tu pri'Vlill il>» *' art tissg 1iiu4rl«'r1.nl>!i , rtjs4 llji' %% i«it «4 riift» 

guVrruH tlir «lsir«l*slit^ «4 all «4 lln- ?>ul (t'^-r-.innsl ’I'li,, 

ll«’ Ilf willi trs'l Iriul in » |‘;isnl « vsial*- i! sirijn •» 

thl’ *' «4 ttjr n>4 ytr%rut li»r -srlllijiii 

«f thi* 

IVubiil»ly ilir lw»l r«*s»3lt;9 ruuki !*«’ if ills- snasi «»f firm 

whu piiyH fur llu' rumiilrlml attiH-lnral ttssik ii5|s|«43iliiu| ln”> lln-ii m%%si 

ilW|Mn’l*»r lu ii'Urii«! Isi itsi'--* l«ran«'li i4 lln- wjsli tin- siniiisjrl ■■ 

ihlli Ui*9 ul'tls'in Wrts- ls« \n- tilUs lU au4 lliai Isim 

uit tin* lull rfinlrn^sl i lir|»»rr ifis^nss-ui 

llu’ «imr. lllin \v«nili| snnnsrr ihr- itfui** ? *4 tin- nwliu-r, 

juul wnnirt* risrrfiil jj!l«’nSj9»n !»i tlss’ ni*-5j*i"*n«'4 n«-rr:»,’3.ans-;* , iujii 

III* illuur ruSj!4 !«’ hi'UI r«''»|»nU'=iil*U'' f'*! ihr ts'-nilt'-, Iu yt-sarJall, 

ntiUvilV ihs! Insvs’ shf ■is-'irS'Al sasainsj-Mi .4 4j»|>h8 4 uisils-r 

tUr diS'iH’l vUissU <4 san» «*f iln- riuHia*. kj »»w}i «4 

rUniini’rM hnvt* provrta !«» I iW I J?* I J ‘1 1 R '.MS' 1' )! WStS's »|ij li I'.Ul 

tlu' ?4riU‘lUrn«4 |«j»inl«nl riflmr l»v f»«alr«rl »♦! tlu- *4 

lilt" ruji^ttrmiiuii firiinn win*, m « ruir, jir*'- inmr i)us^a-»u-’i Ja* |,n t !!«• ssnii 
init hC ihr than (»»r ita fsiinsr 

Tb* |»i«4lii8g s»f »lrs8rlns!}| wdh -lilnlr iss-i.l-. !.» ilir 

mill wwili'', ii« efusir in i4 siln|9 j wjI,, li; 4-9 n«‘i 

willi iiiitfiy ul»jr«ii»*n-'*. Tla*--*** -ir*- injiuiuiiN !i« ♦-<>.-:! .4 

Itif j»ruR-i*?i rui«|iiirrtl wilb « nidi nml «4 slrsisui.iriaird 

jiiiinl, 

W |il*'li,lril liJlsj lirtiwlsi'sl ris-jjts t»f •5s’-:i|s' ffss* liH-liil sunffl Ii-j' 

UI8*i|^ Wjj?4ln»l III tlilltl’f IIIpI |||«*|| ijrir'l if Irae*!.-;?!*!*’ Ill flit- n'slJl, » 9 t' Jiff it?’ 
I'iiilH iti 14 ttiirm ri«*sti i»f {|fat| ifiris wlsj-fljs-r taiiifcliiisril «sf rant, 

tw f’ulilwl %l!li llii" fir9sl r»*}it tsf tf a lintsfa |a«’fs«ri'« 

ill** c'<tiilin|», ilir wdl! !« aninifr lii*^ ifitit 

bhmh ciMilliiR ,.f rrd m in III, 

Oil* ItJKi uf lb’ fillflii'ltllist lit flit* film I flif lifiti*'* 


and li'i'hu ili'lcnniiuilion to apply, hut the roHult in liuvhiK a propc'rly 
ah'aiit'tl HUi’ract' for I he foiuidalion of tho j)rolt'(Uivo coaUiiKH haa 
b('('U proven in luindrt'dM of eaneH an the only nniv nielluul to rcnhu’e 
the inainlenanee expenne {>f llu^ Hlrue.ture. (See Clliapter XXVIll, 
Mand-hlaat and I’ieklinf^.) 

Many en^ineern are advoeating the plan of having a coating of 
either boiled oil or paint apjdied to tlu' iron or Htt'el at tht' mill aa 
Hooii an poHHible after it huH left the rolla or hammer, and while tlu* 
metal in hot, d'he hot part in tlu* oidy part to eommeiul. All nu'tul an 
it lenvt'H tlu* rullH or hanmu'r hun a tough, thiek or thin (uh tlu* rnni* 
may be) coat of loont* <ir partly Ittont* neah* that adh(*rea fta* tlu* tinu* 
being, but on a ahort t'XpoHure to the air with a few ehangen in tern- 
pi'ralure, due tt> mill tu* nlorelunme eouditioUH, n'leuaes ita lennion 
aiul in ready to fall off whenever handletl, ns in the eoursc* of loading 
and irnuHportation. No amount of brushing that any mill employf* 
Would t»r eouUl give to the metal in its hot or half-etild etmdiliou would 
remove this wale, and if the painter was present with his pot «if oil or 
paint, it would gel on over neales and all, ami no ordinary inspector 
coidil prt'Vent it, or be in any way sure that tlu* contract retiuin’inetilH 
had been complied wiili in reganl to the retm»vnl of the wnh* cm the 
composition t*f the c<ialing. 

'riie mill continic i*^ exponcnl tluring it« application and dryitig 
to all the tllrl, cinders, and snlplmrous ga«*H of the mill, which are a 
fruilfiil eauw of d«*cay iti a «lra*d ccmltuK of paint, ami fiml {in easier 
field m tlu’ green one. 'Hie milbcontcnl work is not ajh»wed tiim* to 
dry bef«»n* la*ing lond<*il for f riussjK»rtiilioji, which {tdds its cpiotn of 
dirt and cinders to the sticky paint. 

All flu* Htthfuspieii! niachiiie o|M*ral!otis arc* fircoiiijiaided by more 
or 1(*HH lubrication of the* ti»ol, tnid flu* oil for this piir|Mijie the 
ciiesipc’st to Ih* had, and in Kcnernl law used ovem and ov{*r iigiiiii; 
is dirty, sour, and more* or less d«»nmn«wed, mid carries eriough hydro- 
citrlKni to c’Va|Mirttte and dry down ii-s a dirty surface skin, hard in 
distiuKuish from the routing »|ipllfd til the mill. "Tlu* mpinire k 
that the* inspector crowded to the work out t»f tlu* shop, atul if at 
till cfirelrsM in the discharge'* of hk duty, do«*s not |»i*rw»r«i!ly m* thiit 
the wales, dirt, find nuic!ilne-ip*i‘a.M' are prtitM*rly reriicn’wl. Hiti 
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o<*ihirt' fit Vfiriimrr' with wlisti li«* tliiisha w ii n|«-riii| fuitrihsti «4' 
cmft, hii«t 4 'iw to fcrt tm ihv iiHti l4ikr:«« jinwr rri-«!it li» liiismril 

ill hfing nlilr to tmii tin* i!i«n«^r|ur llimi l*» «li» ii iiirriifnirtw t«f 

work. 

lifithrr l<*t tiio inafrriitl |f«» frtiisi llii" fsoll »»r furgr* l« iln- iiiorrmofii <ir 

eonslrurtioti j»r»»lrrf*n| ft /4 f/ir iw iim- !i!iijrr«-j»nry 

rXJMWlirt* tt> thi'* flrioiiilH. Wlliit ii 8 i»riiM«’ 4 . i|niiss|.| |>i-itrr** 

tho gmitlT |»tirt of {lit" liall' M’illr %^tll Iw* J*«*»rlir -4 ss|i m* im t«» !«• rnisltlv 
rt'iiioVftl, ttiul whrii till* »io%‘rri»l |«iirf .3 iirr ism»fiiil 4 r-ii hi llirir rs 4 rt!h'o 

jMwilitutM ri’iuiy to !»«’ ri%*rii'4 ii|» f«*r ilsfir fihirt-H isj iIh* 

itnU’turr, if it Ik to !«* doiio at lli»* tii»lra»i of m miw: Ihrn ami 

thrn' m iho jsliiw f«»r llio li» *ir'lrriiji!if if ilif* m'Vrtnl 

ttro not tiuly |iruj>»n’ly lOHrliiHr-d. i»Mt »ij«* |»r»»|t«*flv rloainnl fioist ifn. 
M'ttli* that luw not rniMiVinl l*v llir JiosriaiinoiJ’ mml 
Ilf «hoiilt| «•«’ ifiti! Krt’iiw, «ltr!. Hfa«i nsiv rt'SOj»}taiiif,f Mrfsir, *«r isM«r, 
IH n*»»ovr<l ill lii« nml llir lifftl rtm\ of lli*- .«|*|»|ir4 in » 

lliafHH'f to lOfli. tip* Hilmo»|»!ir!i is! l||r> lillir, }»|»4 t|.SM- a 

qunlity of fwisil liiiil will nworr luorr lluso a fijurB.;* ni slw- ftiitifr uno 
Irrlivo rrioill. 

XnlliioR rail tilt'll n,« * rlonk f*» hiil*' lisc- 

Ihlity for till’ t>IH* Sii«|*rr!or. asnl msir isl |br Ibjni 

ftlttgo, is l»ollrr liiiiii a niiiolM'f of iiiisi if}5»|siT!i«»si!» sirong 

tivrr IS rliistii of o|»oriili*»ijr4 iiioisliw i4 llsiir is!i*| loinslri'tls nf 

inslr# Iw-lww’ti ihr liiik*. 

Miiiiy oiiiliW’orft iplvorali' llir iiw' of lK«sir*| «4I ishiiiif! for ilif lir'ni or 
|irliii«tg apfilk’^si I'illior iil llir f.iliifig-jntll Iti proirrl ilir lorlal 

titsriiig ilii tmiwit from ttio rtiill t«i llir rii«*»ifMrisori nliop, nr isi ilir 
wIiMi rowly t«« rfiift for I’rwiioii. Tisr urisrri'si frm*m igm-vl fo? il$ia 
prftpliro w, itiat IIp" lioilr*! «4I i«Im rtr m-air nml Mill |»rr« 

further triitiniry In%%-iir4s rurnmins^ 

Tlik tiii‘f»ry b tihm4ulrhi |ir««<4, frf*!« istn-’ #!iifi«l|M»«ii. 

flow fur any oil «»r lisjssiil mii wiiil. isil*« irisii »'!■ sdwf s.f ilip aitH 
hftftll»r tliil fjiriflS t»fi llirfU' ftijrlltl#, Itir;#*' s|i« liol 
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tlio inclal surface. There are huiuln'ds of records of the painting 
of imi)ortant railway Htruetures, where the first coat of boiled-oil 
method was used, and, in. the great majority of instaticeH, the utUvr 
and rapid failure of the coating, and the extra corrcjHion of tlu* slrne- 
ture, couhl be lUreetly assigned to this so-called nK'thotl of protection. 

'I'he weather-resisting power of an oil coating is almost /oV com- 
pared with a paint, as before referred to in Dr. Dudley’s exp«‘riments 
(C'hai)t('r 1). If the atlvtauiU'S of oil coatings arc' so sure' of its bene- 
fits as against a paint, why not make' all the coalings of oil idoue, no 
matter what it covers, a wire or an anchor? It will soak as far into 
OIK' tw llu' other. A paint ecaiting can be applied as (juickly and easily 
to any surface as an oil coat ; will dry as tjuickly and as hard, and is 
in every way a better resislant to atmospheric or nu'chanicnl injuries. 

A foundation coat of oil is a direct eause of llu' blistering and pc'cling 
of the eoatings spread over it. It is sc'ldom dried enough before the 
other paints are Hprcnid over it, to ensure a close adherence to the metal 
it covers. When the HubsiKpient coats of paint are spread, tlie wilvents 
ami oUb in them sdfUni to Home exUrnt the luulerlying coat of oil, and 
a jnoderale heat from the sun cauHcH the whole coating to blister or 
peel. Too much t»il in a paint coating, particularly if the surplus oil 
is in or near the foundatitm coat, whether on a wooden or metallic 
surface, will generally catwc iweling regardless of the pigment uwal in 
the coatings. 



cliAITMl III. 


FK. Alr*mtr ttit-iiilii, «%». >|wilir' gr'a%ii%', 7 . 77 . 

ItitJN' Is itrvrr fiiiiiiil juiri' iii fsniiirr. Ii» aii'ilifv f«sr ttw^rn !« 
gTfiit thiit H ijiiitkly irrr«*n?ii I-h*. ?*r ilii- **f 

iirtiii, ^riiin IiImi is iirvrr lfri% iin^l in risriiii* 

riilly ptirr, Jl#» iiflitiily f^r irtvyrii i*stnaii?.|? ili*’ sr!Sj|!nto%nir Fs’jt 
riillfil filw> ilw* Cti»' f«»riu «*| utiifr fut asii,' iHrfnll 

in wliitii Uvt» Hltsni« of ir««iy iii»4 ilirw* *4 ««'%^||ri8 i»r«’ ninloi, «*r Tl^ 
)tt*r rt'iit ‘»f !r«»i* »•**! |**’*‘ *''*"**t **l n\yifctrii, 

In lilt* Ijillt'f f«»rtn it is rpissmrrrtrtlly kii*n%n its ir«*ii Mxisir «»r in*!® 
litnl if* in all tlw’ «Hrl'4 «» all siai-n""* ‘4 |*nfiu , nn»l 

in r»ni»l»inMli««n ttitli ihv t4 «!! ili*-' ♦iiIm-'I mriaF ii» |*f»*|‘**i' 

r«4t*r nf llir |ir«»l<*%i<ir is a l»i!r tu ,* fnl- 

hrffWti lljnt *4 tlw’ Im n tf »l. 

An Inlrmiwliiil** l!w* I4ip-k I *'/ •*. fljtr*" hImhisi 

Ilf ir«»n ittitl f»>nr i4 «i\%Rr!i -■ iLMI.l* |«t'r rt'i3i *4 ifs*n aii'l |««-r 

wnt «if y tis*'' si\J*lr «4 

TIm* fcrri* fin!jii'»iri4f\ i» ii««! tanmn m naitiff, Imf is 

III !«» Ity fii.?4!»!4 ir««n »»r li« I'liili i.n.irtv Ils r»4*«r 

l?i II rriiiiftiiii. 

Irtin III II irififirriilnri* r4 TMI" V, 1 i r-i.inlsinrs !r*-rl% il«? 

«lini*!*|thrrir luTiMtiinR Sr/tl i-snfrriil t ilnii 

lllftt »»f niiigiintii* <4 a linFf ir||sti% r.*!?*! iiliii'ii Fi-illr 

itllii ri‘»l blur. iils«l gfu%' r*«|n.r At a iiliit*- ifnriss in 

tlir nir with a |ir«liirlii»ji *4 iisnittirlir !!«- is.ii}|ais!i«.rs U-jsiJi 

MWliiin«l fnr miinr Iiiim* Fr 4irfr!j!i|i a liliisi >4 .-Af n|s.i« «4,r 
nii’liil. Al it t«t}|M*r«t«rn tif .‘Hiif ' r iftMit” f i, ir«»si »irai}i. 


tlnti 111 Its lr(‘('(l()iti Inini milpliur. il hydrali's on ('xposuro to tlio air 
or nioistuK' It) lu'gOa t JIgO, anil can bo rotluc(*(l to inotallic iron tho 
aunio as any iron oro. 

'I'lu' procipitatt' fornictl from inotallic iron wlion cfirrodod imdor 
water is Iho w'wjuioxido tir poroxido of iron, I''o3()g, jilus Uiroo inirts 
or 2-1 per coni of water, anil is rod rust, I'OgUa 1 dll^O. It is a 
tlull reddish-brown color, luairly a pure oxidt', containing only such 
other metallic oxides as the iron contained from which it was cor- 
rotU'tl. It is eompuralivt'ly free from sulphur, more so than the best 
hematite ore. 


Oxidr^ aj Iron. 

If purity of an imn-oxidt' pigment is any factor to prevent corrosion, 
tlic.Hc pun' oxides ought to be better than any inm-oxiile t>res; but 
they are not, and phuidy show that llu^ failure i*f all iron oxide- 
pigments to i»tevent eorrosion on a ferric body, or to add any resist- 
ante to the decay of the paint coaling, lies in the natural inutlcHpuicy 
of a ft rric plgiucnl lt» resist its own inlierent weakiuw, namely, con- 
veying excessive nmoUUlH t»f ttxygen xvith a leiuleucy to excili' elec- 
t roly tic action. 

l‘Apcrim»’nl» tietennine that blight iron plncctl in an ntnuwphcre 
of dry oxygiu, or t*f dry carltonic acid, will iu4 rust; whtu put in a 
dump atmosphere of tixygeu, it rustctl slightly, in a tlninp atnais- 
phere of carlKaiic ncitl, a small tjnnnlit\ of white cnrlwjnale tif in»n 
is b»nned on the surface t»f the Inight metal, hut no lusting takes 
place. When, howtner. bright iron is pliiecd in a Jom/i of 

tile twt» gasos oxygen and cnrlHiiuc acid it ir rapidly t»,xitli^t*«l 
into copious excreset iices of re«l rtiHi, 

In the oppoHite direelion, tt» pteveiil nsiHling, a stioiig solution t*f 
cnrUmatc of w»tla pre^aTved iioetllcs and sleel inHirumr-nts, bright 
anti nm.nrnidie*!, after thirty yeiu>^ «•!' oxiHwiire. and woiikl probfihly 
tlo HO ft*rever 

Hright steel or iron objnds rciiifiin unlnrnlHhetl in an ftlni«i?*phere 
of tlry muriate t»f litiie. abo In the dry ear!*«aiiile of lime. Iron i>«> 
mrrmti in lime-water, caustic imtadi. and riiusiic siwia d*ww not niHi; 
though the lv»*s iilworb riirlHUiic iicld. they do not fil»iorb ttxygen. 


nuwurnbly iliirk arni |«rfn*r-iiif! miy fiirllir'f i »ii iin, 

tniry, «»««• fisri!i«l hii b frrrir utirlarr !ir%rr ri-afiifi ita welkiii 

w long iw it bi ill wtiitjwl witli it. Hiwl iirtMliiri-^ 

Tl»' hhwh «f tmklt* that fi|i|mmr« iifMin tlsr *if a »l 

bright, rlrnin ln»n, iiirli iw i* |r*fl Irtuti ilii? ariis»tt wf ilir nnml nr 

t>f ii grirni»t«w* aflrr ii frw ls«tirii nf a i m. ■.’?!! 4 n- nr 

Bttil run lie* wilM**! t»ff by tlir liiini!: «»r iIsp filrsr *4 ml rimi fnmi thr 
irtgi-jirmp hwip: «r iln* «pairi4 frufii ili*- Iwiiimit «ir ft-jw#? *4 }m Imw 
urn* Rti«l all ftrt* tlit* »if inin. b. |4«n thrr*’ fifirtii tir 

24 |.«*r mit «f wiitpr. Wlirfi riilniiwi f<« (irnrr tiff tlni itairr, tlwy 



I* Hi* pff^tlt'rtj t*t| s fwlIrfi.'lffW liliiilr «• %| upstart I l*» 

ilillijiiiirrn lijf 3 :j 


hmmm |iwbf4y iIip «ihi* fprrir rr%|,i« wifiiaiiinf |fi .nm- i,rp. miiI 
will iriMtiiPp t4i irttfi tsf giliitl t«i B |4.giiirfii ii}»« ssms'iwi mi Miiy 

ittiti cirii, liowii¥6r limy tfiay ttt^^iislr«.| «!#■ «iili tfn«|©« 

littififW. 

Itt th© Giintwiiiii pf Iftin fftifu nfiy psiigp, 

}fi wtil^ht gsinwl by tlm irf*ii, 411 riilifc liipfirw i*! 

I grain ijre »i fw. Witli f»f?h fftinrp tif galfi in flip i»f itm 

lltin, PIIIiIp IflpIlM fif I 



l.flB iM»r rt’itt. It m iin nnhytlnnw ftTric oxhU\ faund in 
Ntu'ii Hvnth, in thn «f Sirily, nnil otlinr af I‘:itrf»r>t». 


titiuilfc-roUH Hand, fnund on llus HoacouKt in many parLa of the world, 
('xpoMcd to Hoa-walor and other Hourcca of oxidation and friction, luis 
remained unchanged for thoUHaiulH of yoare. ita uho for a ))igment 


w nut HaiiHiacKjry, on account ol ita mack ci 
of grinding it. 

Specular iron ore ia alno but little affected by oxidation, and in a 
nearc'r approach to a defniite conjpouml of iron and carbon than any 
other known ferric Hubatance: iron, i)4.tSf) per cent; carbon, conibineil 


whett' minw of it hiive l>wn worked for JWMM'} yeaw. It** l»laek color 


and hardncHu }>rt'vent it-?* u>*e tw ii pigtrient, thtaigh It#* to 

©onwitjn is idnicwt ch|Uii! to thiit t»f the Ikwer-narff Pitrfnee. 

The cliiy-iron orm fn»rn the ««il mewnrw, the ifMithie, bop:, and 
many other irmt on«. contain a very wnall ammint of iron, and m 
iwrtw'i fi« iirtiniirit, tjf Milica and othpf mineral nuimtanei* that they art 



'rht* ml lltlcl Ijruttls lji-!aa!it»- ir^ij r.nn|-..- .-! ,4 iLa' 'i.r'-«nji» 

nf iron 70 |H*r rrni nn'inllir irs.n asv! .U* in f « s-m i.ina 

wntar, phis |«-trf»h8i,M-3 «4 isn3irT;il a |,|tj.>5 ciirls^nit? 

?<ulj»!iiinr, nn«i j*la»«|»!»«ns' ni"'-; ? lij^ 

prilSripHl mrtul}«r|?i«’ul lIsoSl loS llir l.l'M.hir ijsili 

<»!’ nuilrr thr Uium- ii4 sr>'n I «■.« J rlifiniral 

nyfulm!. Hiuur. im«! pr»wini'l !>. « ..aiii rfs sal |! 5 i,'j."lrrv 

to uif«i |ra4i'' rtsiusn-usciiia ilu»n sun pij'sjr,. ui %y,- |i in 

Itliulr {«» t'sorr nil n| l■^«js*|liS} 1 ;^i|MS}r^ 4n an * ‘>-. 5 ii.|i«tr;s!ii.sj liinl 

rhnrarirr, f*ii|«jt|riiirfi|r4 nhll tniilarr h\ »|Hioaf jtir-n ,4 -m, , ,41,^1 tiM-rt 
lKMliti4, itu»ro mint jsl ah’! llussi 3SJ Ihr »»r*' wstli %%l3ss'i3 iis»%v 

lltfU l»n«iSMht hiOi h»rr«'^l rr|i«iJ»<li 

1 lll'H' IlMltilta'al (•H'IS tt IsfJI f'isi* ?»• I !»«' Sl8( sst*- -'ittl* 

nhorii', ph«B^j»l)t*rir, nstrUiJlIr, JU?4 *>\hvt rtO*tar».ss~fU r!Sj|.|^ rtrillv 
t*VlijK»r'nl«* 1 l! Ill'Jah* Isi't'HOir Ih*- WJslo «n|*|*«s3?*-t| Sir-.s^f al, I a-,* 

|»hw iilHitit 2 i^i'r r*ij| nt ujsficj us n 4 I'hs-i Ua- 

t'hiiH'iitw that I'rsipu'Ulh siiisauu}! !«.'»* |<«>r «■»-?;? i »?;!’. .10 ,‘41 jss-f 

ri'lil %4 lh»' HSlIpliUfJl' lUiii 3<- «rs4r> rtfr 4 ssi *1,.' 

IlHrnli^'S'lv l««\\ I'St'Ill Sat tt»«‘ siU'l at*’ li..« a1i=.||'. a 

ill tlu' lu|;ls luvtl «4 tisr «•! UsafiisiiS* O.jirra uf 

lisrfssllir ir»»is fiuti !*< llirit isoisn*!, jsiir«’ 

*ri»f limr, nhsiiusiji, *4l4i-r f'>\hh~n, 

%vlifllit*r is» I! aai-ssir ui ihi* «*rr, «*r si's i«a|»|r-l frv* ■ail»-st»s84'ii-:-i ai 

lllf tluif* »*f S«V L |.-rs sa* , 

nn«l urtrtltul l«» « |4|ftnrs4 fs»fin. iiUftj.rls lsv.ia Hi*- ii! 2 s.-.->a- 

plsfr**. sllirk, rhiiUKitSR tlstUr fhsiriirtrf HHaUS tUxtr «»l hyn. 

hi»l or St jKtWilum! .5«lnt«r Tlitn »h» IH»! leali.i its fisr .|r| 3 ;frt» 

l«» till* of Isjisr, nf*' !>*» tSS!*fs' 8'»»i5Ssrr l*’s| Hills Ji uf rarls 

«i!ht*r rxrf*{»l Ifi n lHij»lus#af»l arr!iss|?»'is5*-ssi «4 list if 4i'srii|*lr4. 'i-rii*- 

rntv iintnrtw tliafi l!«r »i8«i»a !«■ 4 isytu a 

wiiul ■l»itt*k, 

X«» iiii***hiyiii'fil |»ri»r*'«.a rfiiiiiurlrsi wills llirii |aif|-iii«n isiSti 


ealulytu- power of lu'iirly nil liiu'ly powilered Hubslanci's to eoiuliaiHC 
nioinlure lUid frtnii llu' atmoHidu're, whii’li the porouH uaturi' of 

the paint eoathig readily absorlw. If Hulj)hur in preHi'Ut in eitlu'r 
tlu' pignu'ut t)r vehiele in any ree.ognizaljk' (luuntlly (aa it nearly 
ulwaya is), it furnishcH an atlditional excdlanl for the (’leeti'olytie 
action. Thin eh'elrolytic. action in further intensihed by the unei[uul 
eotupoHition of all iron ores, wlu'llu'r roaated or not. d'lu' procena of 
roHMtini^ aKvayn an uiu'ertnin (H>e~HloeH not alT(>ct the «»re e(iually. 
LnmpM improperly roaHteil, or from their compoaili!>n alTected tlif- 
fereiitly by the proccHH, are diflicnlt to dc'tecl in the haaty and ^eiu'r- 
ally poor uaHorlini.^ or piekiu|f (iver the on* reeei\*(*M hefon* pulveris- 
ing. d'he Hunn' unet*rtainly in the comptwilion and UHaorting attendH 
the tmrouHled ore.a. 

In the pnlverisinij: proecMH then* are many larjier and hnrdi‘r 
particlea of the* (ti’e that wotdd not paa.a a No. r>tJ menh nievc', if 
the pigment, wt'n* bolted (nn it wldom in), and wtnild much lew puna 
a l(K) meah, to \vhi<'h nise all pi}j:ment,H ahould be redtu*(*d. 

'Phe finer the pigment the mon* thoroughly will it incorjM>rnte 
with tile vehlch* and protect ilaelf nn«l the aurface covered, 'riw' 
de.atruclion «»f any partich* t>f the pi^numt will not render tin* coatinj? 
HO ponnia a« when a inricer atisin ia removed l«e {H*rniit acee.aH ftir the 
at moHplu*ric5 mointure and Kaai*K. Thew* hmipa act an centres to 
(h'lermine the ceirronive action, and in a lueaHun* explain the erratic 
aclitm of all iron cjxiile t!»aliiig«. In nearly all nwt-HjMitH, one or more 
<jf thcHc hard parlicleM will Iw fcnnul, and partie’ulnrlv w» whereveT 
pitting haa commenced. 

'Pile brown hematite orea are rlalmeil to 1 m» prnctirallv fn*t* from 
Htdphnr, therefore the Ih'h! ft»r a pigment; but the Im*h| hriiiiii?* of 
tId.H variety of ore prepnre<l by any <»iie of tlie many innimfnrtnrerH of 
uuroaated iron-oxide piKnnait^s luive not proved to In* in the HlighfeHt 
degrtH' any iiHife reliable in ro!ii|M»fi!tioit, c»r any lieft«*r proieetion 
agniiwt eorroMioii— whether n«*d m a pfiirit or mixed with 

aduheriint.H ihnn thoss* prepared from tltn r«*d heiualifeji, (See 

following analyf«eH of ImjIU |nKHienti« h-m ttned in coinmen’lii! piiinti^.) 

The dirty pnrpllHli-brown or Hfelew color of the brown heiiiatitt*f4, 
oven when freshly applied aral aided by the glof-w f»f oil, w not agrf*ea™ 



prtilrclivtt Hgriil, fitiil llw’ ciwl «.4 ill*’ ii%lw4v iiiii'* i»f 
ItTi* IIh* llli lilt ll 

for ferriu wHiluign. 
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|•»<rrrl^ltlgr# j*f un'ii»llir lili III t<« **| i'Ai h'j la, I'rf* !*» 1? it li-* If 

n misMjil*'* , , , , '»'J j*”? i«l «fses», I 

*• ** tlii *' '* *' ' I e,;S|!l|»l>^ »!»,.» 

; l»|o'» CMS I'a-Hl *4 

t iti'.ls. 

*nirri< Ik a si* «I4 w4i.K llir'sr ri88ii|i«taii%'4*l% trw ,sui«| 

lit’llrr i|iiii,lity orni iiiaiiy lMiri<lfi"4-'s *4 t»» 

Rmnifil *»f ttirir |iyrlly mwl tiigli Hi-frrisiiifif* i4 

Miiiiy ollirr fiiriiif4$ itrrt* iImiI nr*’ mririi-*! fi*r ilir tiilirr 

Sitrtitllir ami rlii’iiiiwil lln^y nsfiiiiiis, iil| iIm-! niljrf 

rtii’liils lin* f«iiii»l »iil» iruti.. .All ir^it liAiw-.ti afu’ ii<«ir4 

fur lilt* Vitriiil'ili* t|iiiilily *4 flu* «»r<’ tal**-!! ili*- i»r lf» 02 a iIm’ 

ll4|<4uinK or iisffrfS’iit *4 ifir %ii!»4r. %r'Mi Ili ra.r|i 33..4iir, 

Ttli* iirt' iMil rXrliijil ffiMis llito fi'iiltits’, l|fsr*| iiii'l.il* 


agtiluHl uurruKiuu than tlume containing 80 to 05 ixn* etnil of tlic acs- 
cjuic)xitlc« I luH will 1)15 apparent by rcf(.5rcnct5 to tlu* conipoHitiou of 
lhc5 iroiMtxuUs piginuutH given in the U'ala of oomtucmal painla, 

tjE? ijltl' t') tC ) ii^Ve <1 

Irun-oxidv Pi^/tnvniH. 

1 lu* ichI lu'inulili'M fintUHti a l)righl(*r“t'olort‘(l oxich* lluin tlic brown 
lu'inulitcH, v\h('lli('i loujHili'tl or not, lln* hmuiII aiiioiuit of Hulpluir 
in till' red or(5 developH in the process of roasting llu' dulbred e{ilor 
into a brighter red, Himulating the \‘enelian and bnlian reds ho ih-Kira- 
bh' to produce, l)Ul ut»l always ptissibh' to get without diu'toriug the 
furnace product subseiiueiitly with substances more eoinplex niitl un- 
Mlnble tiian file iron (»xide itself. (Set- im-rt pigments, ('hapti’i- XVI 11.) 

llu* ruaHimg process is a Ht'n.Mllive one. A few degri'cs of higher 
or lower leiuperature, or a little dilh*renee In the jteriod ttf exposing 
tlu' ore to it, or in the nmnner of cooling down the furnace, cnusi* a 
great rangt' in tlie color, 'riie mure wilplnir in tlic ore the brighter 
the color. 

'riicrc an- from U) tti 20 jaw cent of moisture atui cnrl»onic acid 
in nil troll ores iim tlu*y ctuuc from thi* minc.H, If these are not driven 
o(T hy ronatiug, they will not he dissipntrti in the pnlvert/iug, ntul 
will he carrii'd hv the pigment inf<» the mixeil paint to its detriment. 
The use of an uucidciiu'd irou»«ue pigment is n Itmg step toward an 
early corrosion »»f the ferrie IkmIv over uhieh it is Hprend, 

The following nnalvsis t»f mi iron-oxide pignic'iit mmlc from a 
Hpeeial red lienmtili* ronsleil ore, one of the fjldesi and lM*at known of 
thi-H elnss of pigmi'Ots, and the nw* «»f which ns a s|H*ctiil braiul is 
|)robnb}y greater than all of the other brands c*f Iron-oxldi* pignientji 
in the World, is of interest for rompiirison with iiii iiiirtaisti'd or** pig- 
ment; 

\f w'rrxfTi’UWiH’ .w.y.vsH. 

Teroxide ««f irtto. ....... f»'i. H |»i*r I’cnt, 

(Ivfuivaleoi In mt'ijiUic* Iron, llfl.-t”? 

|ter cenl.) 

Silicn combined. ... 4(1 m ** 
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('arboiuit<' (if linic HO.H) “ “ 

Siiljilmli' (if liiiu' M.Oa “ “ 

CUay and nilica lU.UO “ “ 

Alumina S.IS " " 

Mapnraia 0.52 " “ 

Water and (irpinic matter O.-l l “ “ 

l(K).t)t) “ “ 

Additimud exam|il('M df iiam -tixidt* ))ninls ajul their erratic aelinn 
luith mixed and HiraiKlO pignientH uill lie found in tlu' article on 
|mint te.HtH, Chajiter X.\X. 

It in elaimetl that iron-oxide jii/^nients, lieiniJC the peroxide* of 
iron, are incapable of furtlier oxidation, niul wln*n ground with llm 
vehicle are indeatructible, and tlieir capacity to condenKe atnui.s- 
pheric nioi.Mture and gnaen ceaHcH. 'riua in true an long aa the thin 
filni of tlu* dried vehicle <inly sL to -jIob tJudi in thicktU'HH — 
t'l'niuiuH in place on the (‘Xtertinl aurface of the pigment atom, and 
no longer, 'riu* aanu* cauw'M that retmive thin film will affect the 
otlier part of the vehicle, in which the pignu'tit afoniH are im- 
bi'dile'd. d'lie Vi'hicle, jmwive* eif itwdf tei eondeUMe at inoapheric 
moifilttre e»r ga?«eH, i.n porous and idiHorUait; and pasHHeM thejii on to 
the point wliere their decompo.HinK anion can take effect, if not on 
the iron oxide atom, then upon the lena reHiMling niiiu’ral aulwtnnces 
awoeiafed with it a» a pigment. 

With the p« tide except it»n tif i<iiUea and barytes, nil of tlte 
Ho»cnlled inert «ub.stnnee.H, u»nally mixed with iron”«»xide pignu’nta, 
nr*’ poroUH and nlmorlMUit of the velnele and ga«*H that reach 
them, 'Flu* proteetion that llu'se imul fsubwijnn’eH r«*«’*dve front 
the oil in no gr«'af*’r than ih** *»i! iiflordH ih*' inm oxid** atom, if n*»t 
k*i4M. owing l*» ilu' unrelijdile rluiraeter ♦»( llieir emiinoHiiioii iintundly. 
If they have li»**'n nii\«*d with tin* ir*»ii ore during the |«r*»reH« cjf 
romtiiiH, tlu’V an* render«*d Simr*- iiieUable, ainl reiidily p«j« to a 
hiwer plane ««f reHi^ifniiee. fw iiHmlioned ln-fore. 

U tiiav be quest ioiM'd wiietli«-r iron *»\td** is hiestjaible of «sn» 
*l»*n»inK moiHlur*’ or Ka«e?<. Ii indneew and promotes oxulntlon in 
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will (Ulu'T njl*4 !•=) f<i flu* I^h r«-f flrJHrlil lliiif, Ufi.'tlriHf 

CJl* lUU’hlUiKrtI, in ill! liitU nj|=« till- •it'ssisi? r« «ii. 

list* nlmi»«j»hrJ'ir |jmi!=*lsjri- Iisail llsii! Ii*i liir 

film $>( tin* tiryiug i»il. Ilm-j IjuitJi? lli«- fsnnjtlisiiusi for n }4t-'.l«’r with 

n«rru?sS**l» «4 ihr r4!!iil»'4 f-surfsirr. 
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thirst^ this! «tf r**«l Irsui, U tli«- u<is» o'i,i4r hIs-jo, s^! !«» tin* 
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inmiunritirtl In slinr inr^srsart- m tlsr |aiiiisi 

'llir II • •tl ill*’ I'Ist! }«»■ Ijr^ui? jl r !»» ilir f u»’ 
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MmIIs-I’m isass'Ul.'i «is'ls-t Sas3iss--!| » a«|'-j.-<cr nsrl an finv 

luMs'si !»*, m in I’lsnfnrl nans in am, !!>.» *» ;sjm- 4 f|j|t 
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%\illpni! ll»r /inr »‘lrsss«-8»i . |SI |w'r rriil . 

’I'Im’ irrriiuliil il% of ll»r t|jsU8l»i!lts»3i «*( ^lir jjf«»u,R lu a ra-4n|*s»s5ii8i 
risnlin|» tln-ir «liff«-rrnri- in as,-?,- a?.*! rlsatiisn* i 

ffsilir thr jMsifil#* of rut miss'*. rslsiila|i-r!|ir-»i S - 1 s -I I * » 5 5 1 ■% 1% S I ! j 
Ijlt* r«iisij»lrlr fiiilurr ««f ill** *■•*»! iis^y 

I‘'r<ill8 livr Isi Irli firr r**fi| Isf sisr !r <*f fsius- (ral 1^1 |a 

gi’iirriilly lotiml in |9iiiis0s Mr H i-s riiutilli ?5|«-ri,- 

flril Isv llir rMii?=»iiin«'r Slisii it sils«ll Iw- fs»lH --If »*f 43.ii 
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luu’fsuM'K. Tiu' brown oxiilos slutnl iIk' bcsl upon (’orric IuhIuk. The, 
\'ent'tian reil oxide, rroiii the tild iron-oxide mines, luul a pc'ciiliur 
{)i'('ser\‘ative aelioii on I he surface of wood, 'hwo or three conla 
h’oin 11 h‘ pnri' ninlerials havt* outlasted the record of their appli- 
cation and the lives of tlu' painters that spread them, 'riiest' oxiilea 
.ind whitt' li*ad form u hard mastic coveriuK, and unless .spread ovti,’ 
nnseusotieil or wet wtxHlim .surfaee.s, .are not liable to blister or peel. 

Many of the* irreconcilable discrepancies in the u.se of iron-oxide 
paints can be altrilaiteil to the carele.ss method of prepuiiu^ them, 
lt\ puteral practice, it is never gronnd with the oil, and but Hehhan 
machine’-mixed. The dry piysneiit in the ratio of six to .seven ptunulH 
niul about the .Huine widyhi id oil (t»r three fourths ttf a iiallon) an* 
placetl together in a tub. atid after a few hours of M»aking are* simply 
stirred up {Old Hpread. If nn\ large cjuanliiy t>f paint In Nn pl'i^ 
pared, it is almost impossible to secure thorough incorporation of 
the pigment and the oil, owing to tin* dilTerent specilic gni\itits <«t 
the several substances eompoHijig the pignaml, which vary fmm 
'2,2 to Id. This manner t»f tuixing is strongly recommeudi d hy 
the iroU'oxidi' Iratle ls» secure its use, at tlu* expense ttf the life atul 
elTc'i’t iveiii'sH of their pi'odsict. which man\ limes might he inori' 
creditnhle Were Iwtter cai'j’ taken to render it «lew'i v ing. 

'The longer that iron-oxide paints are ground in the full fpiantity 
of oil they riupiire to form a ittiiui, the more laslitig they will be, and 
iIiIh effect is «*«|U}dly apparent in all jngmejils. 

1*lie unsatisfactory results due |o c'lirelesM mixing are aggrax'filetl 
by the Use of large flnl hmshen that act an inopH to enrry or alnp 
oti a large <inanlify of painl. inink'ptialelv, in lids \\n\ , biusheil out. 
Such bninlicfi carry air itito the coitling. retideriui,! il tnore |K»nnw 
i«i dr>'tnK than il i»therwt»r would l«* wert* liesn) . l«»ni'-hri.Htle, round 
fjrnrdses euiploved. *l*he same objerlioiin eXI«t wllere t!se «*oating 
m applied hv lie- idr-brush or spray appiirntili^, t»nly in a inort* inarkwl 
degr<*e. Si*e Cliiipler \X\I. 

dlierr are msiiiv tests for the iidullerulioii in ironH(»xi«le piKinetttn 
or paint?-* of luo exiessded sh'tiiiil |o Ih* enlere<l into here. A rnaly 



inn tin? UM’ ul j.«S|'33srj8|N, 4 I.HJ.H 1 Ha* 

nil ln»U«^i ill |*,'illstr'i ttilli ||s>|s iLsrr laiiiJir,! \r3ir,'3 

ihr rMHlitjp fJjil III iitii t Si»i4 , .Mvl iii,r 
|irr»<'rvr«l. lilt" ii\sM#»!n« js>«ii- 5 i'"«. iJistl m siiiisn ,,f 

Uh* I Millrii ln’Jir lu |jii. s«r »4 ,,f 

III tlir Itnn'rai i»*ii i4 flu- |■s^l3i4 isli ij* Imr- afli.f 

tu\j*tirtirtv%, ttithmil rr|silll}!lSsg, »»i lift} Its rii*’!;.! 1, ;,ralTs. lUst lit rVrry 
PIU 44 ? llir raunr i»| r\rr||r’iil liijsi r.%»'r|>! i*. 1.5.41 ts-M-ilLis yj 

UPt.3 nf Ik’IIiT llllilrriiifo m$«i i»»’lirr lisrllsn-sifi |4 si|*|4i<';iUs.|i llisijj |,;5 lijj, 

priWltHiii)' jtrjirlirr. 

I’ilinl -trill !r llli'fiifiiiri’ Irr'iHirliiH rilrr) ili«| |l>r Isis Hw.f ,4 l!as|rj»i*||,j, 
olit'li tlllll ill iiiSJ! i«*rti |«r«s|if'lfsl Is't tlsr wlir Isiiinlrttl 
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rr|!«f fs>f l«'(i print's l. 4 ii,|sa ' 

thirl V wnli ms lr«*!i ftHhlr gh lisi* a-j an 
tllr* lirfCtllfll'Iil for IIm* jsnilrrllvr rliarii-lrr **f n|s|*llr 3 | 

tt» mntfi! Wlffari**, TIm* fiirl;. h} tlil’t ras*- -nlst^w !h.iil fltr |4alr-!» 

whirli tills lifirtiriilnr t***4 «,-»!? fi*f wril m n'rsmv iitlM-rH at flia! 

IMTlftfi, WW (bMhl|t.TO||f,s,| wllti I'rtirf’ llfi. frr** frfirfl lrts.4.^ f'mr. 


Ului lui Ulunum, ur juiui (u pumi fqin'ua updii an intc'nor qualiiy ot 
tiu»r{U»liiig iiu'Lul fan prevent. tliLs iulenial (’(irroaiim, though it may 
(jonueal Uh priwuee uml progreaH, ami pos^ihly hll up Home sinall lioks^ 
in Uu' early ntagen of the decay. 

There are Hcoren of tin roofa covering imporiunt liuil«Ui\gB iu tho 
Canadian l'rovince.H that have heeii laid for nearly a (’{‘iitiiry, aa bright 
and uncorrotleil now an when limt laid, never having hail a coat of 
paint to protect them. 

I’urn block tin in tinafTected by atmonpherie conditiouH, alrnoHt 
an much ho hh copper. It was only wlieti poorly cleaned platen, 
poor tin for the coaling, acid Ihix iuHteatl of renin for holdering, and 
careleaa iiiethodH of laying tin* roof generally, came into vogue, that 
we began to hear of the virlueH and neeil t»f an iron»oxide ptiinl to 
prevent the cornwion of a tin roof, tlranted that a good tpiality 
of tin rooling in none the worn* for a coatitig of paint appli<‘d a 
year or luo after the roofing ia laid, yet it in quite an iwential 
for the future life of the roof that the paint hhmdd nlno of 
good quality. 

*rhe original minion from which the imu-oxitle pigJtieulH known tm 
Italian and N'eiietinn reiin wiTe taken have long been cxluiUHttal. 
'riicM' old mine pigmetit.H requirt**! no ronntiug or tloctoring to ilevi’lojt 
their color, or to rorreet any acid idcmcjiln in thiiii. 'I'he reputn- 
li«>n of thwt' jnojieer o\ide pigments, like that of the “dkl Ihilrli 
I'riaawd' whitt* lead, han been n»uinrd tu ri*aeh and eov<‘r tin* atlveiit 
of neorc-H of Mil wlaiieeB bearing lisile re^aMublauce to their pn»gi'*iiitom, 
except in naiiu*, and even tlsif* not exeinpf fo«ia the greml id Mane 
modern paint eiJ!n|«»iind«’n>i, le* the many preit\e.H am! lra«U‘”niarkH 
Iwar ttitni'wa. 

Mg. 7 fthow*! t!u» pn»f ei'tivi* rlmraeter of an iron-tsxhle paint 
applied to n raiU\iiv \lad«et !iot pnipi-rly ideanrd fr<»iii ndll-waltt 
Iwfore pidnliJig. and when pidnlwl wiw e\j«sw4 to rtimbuntion giiM’ii, 
cimtiTV, dtwt, and mobitiirr. 

rriqiim**! iron-iixi.le pidniw rtn* often briglife}i«**l by the iwe of 
aniline ct»!oii4, but are not .luntblr. Ihiiidng n aample of nueti paints 
over an ideohol laftip will destRiy the auilim’, find leiive the Iron 
oxhie It#* naf nral eol* »r, e\ j *» ♦sitig llie eliejit. I lie ti*lidenc\ of till iron- 
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prtK:ci»h i.s 11 M’U.Mitivi; niif, Uu; t'nlur nf tlu* pi-odufl bt'ing the briglil- 
ml coliir jiignu‘nl.s, \ t'Ut'Liau lunl Indian rnds, lUiUi culnra arc 
duo In llu' dfgi’ca* nf lu-at t'mphiyi-il, thu k-nglli nf nxptwui’u to Uiia 
lu'at, tho imuupuluUuu, nuuiuef and Uinu lakun tu cnoi ihu 
uU‘. 

All 1)1’ Lhu Huljihur ia nnt dksipuU'd by the heal nnr abwurbud by 
the lime in ita rhangi* 1‘rum a aaiiiouali’ lu a hulpliatu. 'I'hu liiuu 
tdmugi'il tti gyiiMun or loll I'ri’o, being in great exeena ul' thu amount 
that in aJlounble in any jiigtnent, ia removed to Home extent by Hil’tr 
ing, or other nieana, beloie grimling tlu' furmu’e proiluet. 

t'ojtjieraH oxiile reijuirea great rare in ita nsi', eitlu*r by itaelf nr 
luixeil with llu‘ ilend eolur iron »i\idea or other |iigmenls to bring up 
lln‘ir color, aa the Milphur got*a into the jiainl with the iiaunl reaulla, 
X«) ain*»unl <if tree adullernnla or inert aiihatuneea have any nmti'riul 
elTeet in neulruli/.ing it. 

t’oppeia.H fririe nnlt (u prolo.Hulphale of iron), t*oc|uimbile, in 
found natsM* aa a hyilrale, et»ntaining nine atoms of water, l'"e./ t^tSt b 
• hlldh It oeimm in InyerM wv» ml feet thick in fine graitual nix- 
Hifletl pyraiuitl erystnlH. Ili^ preparation for n pigimmt in similar U) 
that dwerilM*)! alwivt*, and the nwultinic ilwinteRrating efTw^t In tha 
paint is not nieiwunddy rlUTerent. 

ViHam Ochn, 

Cfehre jH a hvdriited oxide of iron ii sfmnff yellow or brown- 
yellow color, geuernllv eoniHiniug less than -tb |M*r rent of iron oxttle. 
Tin* ochre?) are among the oldest «»f nigmeii!.**. Samplrv have Iws'n 
obtained from I’miijM-ii in all '■*! ages i»f |»re|inrara»n from th»* ore t«> 
the lui\ed nainl. 'fhiW Were Jl-ied In Ch'eei'r tJi the lilllt! tif IMinV, 
nod in t tld l’!gv|»t are the most Miable of the yellow rolotfi, 

imd are the ptlnripal piifoieiil in the nr«‘sent freight cfir colors, 

Orhre?4 lire diivu tinted ^viili the o\i<!r of iron and manifnnese, 
lin*! hvyr«»*iro|*ic in rhiirarlrr. rarrvisig from five to fiftsi’H |M-r cetd 
of wafer. Uried nrlifiriullv ex|*»d the wafer, thev chnnire cnloi 
to ptnill of red lit** nmur fin ill! olh.-r troll »Ollwt’tl!er?«. 

Th. •jr velloiv color !« rhirfh' dijf lo fhe ir«>ii o\idf, and the more 
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llu’ fuvnitiit |M»wrr *4 !lsr slr|«!i-si>l-4 «|»s»a ihr lyiHWiiii i»f 

lillU •*§■ j-fljslk l!l ihrlUj ttlas'ls tin- |w»r r l»_i Irisslri njg 

Uirtij lUllU'ihsrrijI, Tiir) !r«niilr Jii.m ;a%t% I** rlj-'lill |««'i rrlil iif 

ill! u» I'uritt 11 itjjj'jlr, ami ihr a5i<s|r»i s|iiitisut) ?4 *-'}| |m iiaiki- ilsrsn p|irriic| 
JllSikrH llu-lts nkm «iur!?%, ’I !»<!•) hlai'krls Ii lilUr |M tsiHr in 

itiujlghl, Inil l!»r riliiligr in l»»ur «’^j.irntly suinr fisjijj ||sc ilarkrinjig 
1)1 iht' *»il llytit from ii riiinju*- in ilir |ai-*surs*i. 

IIh’ lirainb «4 tHrhsr air Un- I 

DmijMW'tl uj rla> . . IMI ^ i«* 7!l M |w»r wfiil, 

yjfciilr i4 trull iiiul n;i f* •• II ** ** 

Wttlrr, . . . - . . , . 7 Cl ” II fi " 

Frail’ll !»i, 3 js |af|»r 5*|»rt'iii(IFi^ |*iswrr, ?i.n il {»lwirl« a iiirp) 

qimutity (4 uii, itimi ti i)«4>ln h«-II to It f»|ioi||»| 

Ik' Ki'tiUJitl III raw hhiI. ausi it a ilmnjrr )r.|iatrr5ii, fjiii. «4| 

ihuul«l Ih* ii*)**}, V\ liitr lisr* llu* «4 i4*44»u;f writ t« 

wn««!f8i sntiiirrj* frujji lln* iMn*»nn! »4 *»d i.-iirsi n|» In it. lull 

in»t I«in4 wrl! I«» aiiv »»v«'rU «'“al «4 wlii’i*- |r;j»4. rtu-l n-n'ii*) In 
I’jWl il nil l»v |>r-rU5j||. 41183 ran Ite- ii i > *l> Irtl Irv ;» fWiall 

|M*rfrJ|tiiK«' *4” uliitr ju flir jniuunj? ‘wlsrr* r»n*l 

Tlir I Hf**!"*} ami *t!*nn* atr jissn»!»,|f ilir Isi*'»-s5 In (nuts, 

Tha *»rliri'H ^fmlv wilti lln* l*»-3t }F*vrr. wlsslr llir lown |»f4<irs 

of Fmirti itrliri'3 iirr |«**«r an4 knis-r In lnusiri ilisiti 

th»' l«*»l (Vifiiiniai «»8 Aniniran l»f»ns|3 

Tlir iimiir «*f an *»rl»r** Ilkr mil *>!!)«■? 

Util»*«3 llit« liiulrrlal is fnr finm a t* ■?!|»i»n33l4r Isn-isur-v! hfin. 
Kvni tin*** rlirfif* liiiV)- I** Its-ar a nliarf in !l»r t!il Ip.ii.Is-ii 

rif iislnllrriiinni fliiil *** lli** »»i'i|rr of t|»r . In an 
Ilf I'lsiv, rhnlk* iin»l l»arvl**-^ CCkr laCta-i C*» wnriiti, Irui fill minfr 

thr rriVrfitlg |HHVrr *«f iltl* •W'litr Thiir nrrt;,rlirr f* 'il.Jrir.alll sirfjtlli'ti 
hv til** ilicfrlimn} Bliwilitit «»f s4l fi-iltiirr*! to 'ihf i*riiri* In n 

pimtt*. 

ItwTr liri' mawv inKlitf**^ pf «»s*ilfr as llsr Ira.rjir lot a 


W('ui 1 h' 1 ' I’ctjuirc’H tlu' li'usl oil. 

'I'lic hotter hnuulH of oehrc* an the buHit! pigmc'iit for freightr*car 
colors ioriH Very tlurnhl«* paiul eouthiji^.s, wlio.we lib' i.s generally (‘cjual 
Ut that of the ear. 'The cheaper grailea wen* formerly h.mchI to a great 
extent an elnaip paint.s lor tin rool.s, hut tlu* largt' amount i)f fre«‘ Haiul, 
lime, aiul other tmeoiiihiued mineral Huhatanei'a, aeitla, anti moirilure 
that they eiaitainetl, with the eoanse way they weri* ealeinetl and 
ground, remlered the eoating.-^ Hlua'tdived ami uu.satiHfuetory. They 
retjuiretl u large nnaaint of oil to .Npread them, even with a white- 
waah hrunh. 'hhey liried or hardeuetl rigidly, tlitl not bond to the 
tin, aial tlu* rate tif expatiHion atul eotiiraetitm from tlu* aelion of 
the aun WHH ho materially ililTerent from the tin tht*y covered that 
llu*y Hoon eraekeil, hlinteretl, ami finked ofT. 

I 'mhtr, 

I’mlwr \h an firKll)H{**HmH hnnvrt hematlu* ore, eHseiitially 
21*'e^t hSit with ahiminn am! mangnnie aeitl. Speeifie gravity 

2,2, tJrigiunlly ohiiiined from I inhria, Italy, tmw ehielly from 
C’ypruH. 

Ah a pigment it in UHed in IhiiIi im raw tir nntttrnl ntute, and when 
enleined in known a« burnt nin!«*i . \\ luit ealeined at a low heat it 

luniH n «ifnk btowm; a Hfiongj-r heat dehvdrnte.H ii, turning it to a 
red brown and riuftening if, Af* ii ferrir paint il Iuih no mH-einl «|uality 
othm than the oehrr?^. 'Hie rheapnerw of the pigment in more than 
uflMei bv the atimnitl of ml it reijniiT*'> for a kimmI ?»preuding paint. 

rmla-r i'< n>«ed nn a ilrier in lM«iling linwed oil. nnd ftirniHltr* fin 
nil of color,’ but nnle*<?4 n?M*d in lari'e »|minf ilien. d*M‘H not mak0 

»i rapid a drying oil the lead. *inr, »«r aiauganem' lirtern. 

Sjnitimh /frmeii, 

Spimi’di l»rnwn, an iron oxid** or orhre, roiiliitiiitig thirty to fifty 
jan' rrni <f ehiv, h-s inferior in rolor and wveiiiig j»ower to 
bill i'^ of !a*4i}ng viihie for n r««»fiiig iwdiif, iw the rlny, ivhleh hnii at 
all fimeM fi fiiriiiig iifimtiv for inolMinre. will, wlieii |»r«|«-*rly ealeinwi, 
tfike lip wevriilv to t'ighiv fw-r wjil of oil.iilid tlilfi * 41 , prtdeetetl from 





wril pniti'flrtl ||« mi ll»«- li«*ri,Hi|ilal niirfiirr. »iJI iiwiUiltirr, 

MMsn i’«*rrt»shji|.' ihr Iriur II !»« i*i n, )».!»• tn-hst- rt.siisisp 

Jirt’ r 4 |*rrwl t*vrr ulir jUi»»Siir!. llir |ii.»l riiatilii? Ib iHjWf l«» |sfri. liriirr. 
tor lut ur mrtttl 'rtiVrirti Ih-jiv) r»*iil l«-l!rr tluiii !««» i»r 

im*ri' lliiiiijrr, iiiiir»>i ihr lailt-r ntv rt|»|4ir*i aitn ;«? nitrimi ssf 1 
Vl’llf t»f lliurr. llir lW»rr tlii- iM'sl r?iiiV4i5|.? <4 tisia |ilKlt;,nil, 

ihr tu«irr ihirjlhlr ; hlll ihr -ttjll Iw' iln- !l lihrl.s Us jifl 

«»r Ul'ttl'.k liit* M'rtJliit «•! 



UKt» t.KAI). 

Mftnllir Hvtuhttl. I’ll. \Vcip;ht, 2tKI,9. 

j»nn» 11. 1 1.1; 1 1 .Il.'lf) t«» ll..'?HH. 

Lkmi tiinMjitifH nil iiniMirtniit jnirt in iht* iirtn iiml nmmifnr'tureB 
of llu' «luv. iiini r«*«juiri'H ii Kri’nltT rniiKi’ cif t-lunnirnl anil nu'clmnicnl 
prniH’HHi'H fi»r it.H jinHlufliuti n« n jiiKiuc'Ut niul mum rim* in prcpariup; 
and iipfilyinu It fur n paint llmii uiiv uthrr pigment. 

In ilM miiH'fnl f«*rm it ir* awiu'inteil witii nil of tin* nnlili* iiu'IuIh, 
filsu willi nip|M*r, tin. /ine, liif^muth, niitininnY. ami'nir, cti’. Sunn* of 
the Imner nietnhi are iiitvnv.H prewnf in eonimereial pig lend, fuul nlTeel 
the ehnrneter uC the pigmentM prepnre»l fmm it by the prtu’eHws nf 
euleinnt inn. n\id.'i! imi. ;<n! ilium t inn. eninijHinn, and preeipitntinn. 

'riien* nfr HvrUty nrrM n( the inetid kfinWIi in the luinemlngij^t , 
Init nieinlhe lead i*-* prndueed frnm thf* five fnilnuiiig ndnernlH, the 
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iifjtj.i: lit (HitiS ,l\t» 


1 1 ; «»f |.r%s* i |*i ss»«%lmi!r«i i I ■ 

!mrSait«' ' . . Ht !•• » .i*» |» f .--I'll 

• t%8»|r >«i In i»il ,, , t .1 ,j'J i' I 

MS'«»| . . I .’t it* " I **i 

l'hl«»rtn. ... »f *««’ " o .“'•I 

liR»; % I *»t’ 1.* %»• ' l-lsMi' 5 S;.'5| I S'- ' 

CHi«|r *4 Irasl, , . w« j»'f * « jsi 

Af'WltH’ 'j-i 

... ,i II 

Irinl C«»r!ii»* fivr liliil in •»s$f »»r arr flip 

ft.’Kttll «»f lll«* llt'isl «»!■ J’lirliilral |«f *»*iiir*'4 mi flu- sarlul ii» ri»fi. 

VeritliH it fi |»igiiiriJl. 'Hiry iirr ; 

*np' , . . - I -» Jt t Itrf ,.’1 !»■? s’li'tll-, 

*• |iriil«ni.|*\ 11* «» ""W ” " « li's '* 

** fr«l iniiWHsns. --w» '* ” y j.'iit *' *' 

“ 11 ., t ” *' l«» .mi " '* 

*' ••r |»rri«<»iiilr , !"!*<>, - i'c» Jb** *' *• j...i lij’* •" ’• 

«»r Minmm, in ll»«' |sH!»ri|iffl| fr**its 

thf tH Bjifi'iltr H -fi i<it Hi.li. »ir|«-n*l«n,i,* 

ihr jilirtiv «»f llir Ii’jhI ” »*! Itllsaritr. it'j.nj wfnrl's il %■> sna'lr, 

Thj* r«»|«ir IIh’-i |w»I5sI, i«*4! m « |?|ral«-f ilr.iflrf 

thr in ilsr- >4 tin-- iIki 

V ««f iIm* Ip-iiI. Ilir »4 llu* jisaia-fial tsi il-ir 

!mn\ ill!" »*f llJsir l«s siir lira!, jilul llir fisfr aSi-'i JUiisiUfr 

III riH.lifiK ♦inttll lilt* (ssfliarn iisnl ra?isli-iil.o 

S|«*rittl Slljsi SIS'I- trsiiiitr'.! stj Ilrs |4r |»';H a"* i<»ii 

tllBl iliiTrr llllllrrifllly’ ils its*’ l,'af!«slt'i «-i»>MI?r}r-i 1 %|srSr ri'nl li-a.4 I'l 

liiinii, itlwi ill isiaijnlarlisfji'':'!, iii»4 llw-r?- in a 4iffrrrs.is -r i>u iIh- 

Sfllllrriji!» rni|»t«»vrti. 

Hlirllv lllrw I <tr»*r«*-n ■>-?'?* arr' Is-*, tli-r 

fiirmiw %vliirlj ri»«v«-r|fl itirliillti' ir'f»4 inf »» liilriit i?r in .'lla.s}! ;fl Iji.mj-", 
n r«‘VrrlM*rii!*irv fssfiinrr iti ^.s.isif|i liiliaifn- m 3 •ii'i.rffr-l im-M 
II I I !# if %' i S 8 f a if llival I ^ a 1 :•? -csf- I 1 1 la' 


RHihL RA D M A .Y (’FA( 'Tl 'H F. 


47 


thw iimsM when hniken up in in llte form of thin yellow or brown 
HealcH, mill in this .-itiiti' is known as Hake or i^lusH-inuki'ra’ litharge. 
I'hiH, when ground in water und drii'd, ehanges its eolor to a huff, anil 
is the ordinary eonuuendul Ulhnrge. 

When the erude litharge powder is again nioderalely heateil in a 
reverlM'ratory furnaee or oven and evposed to a current of air with 
continuoUH stirring for from ;!(> to js hours, or until a Hiunple drawn 
at a low red heat upjiears of a dark-red color turning to a bright red 
on cooling, the fumnei* is closfd and allowed to cool hlovvly; a (‘on- 
dilion most ensentinl to success in the color, that if not satisfactory, 
reiiViireH a reheating and cooling of the product tiow known as red lead. 

lied lead made from litharge (from the ini|M‘rfecl oxidation of 
the lithargid coiitidns n larger muminl of the jimloxide of lead than 
that tnndr from the e»ti»onnlr oj while lead, where, on account of 
th«‘ htier condition of the !iiiiterinl, the oxidation is tnore ciunplelc, 
more ijuiekly effected, and geiierall)' of n Iwiti'r color and t|nidity. 

Witli liiiH cotiiplcx chain of o|>crniions there are many tratlc 
secrets to wettre not only a wiitorm ipuiUty of the pigment, Iml its 
eolor. The hitler nearlv renmins an uncertain element even 

with the of ntliiifioii giirii during the wholi* proceHS. 

lleil lead i»» found native iii mam locnliiieH mixed with the other 
utvn of lead. prol»nl»l<i, jrnultmg from their oxidafion hy nntural cnUHi*s. 
(‘hromate of li-ad ll*b C‘rt»,, S}«*rilir gravity. \ 11 to (he iientrnl. 
or metie chi'ornnlr. know n ic's rroroeutr or lehmamfc. is « native rial-lead 
ore found in roiiiim-rriiii «|«aisf i« liiiiiiy |nirls of fhe world. U is 
ill the form of cftslah** of n xcllow color with vnriouH 

sluidcM of other ijisd t'* n>'*orisiled uilli d«'roinj«*sed gurli^H and 

gratdfe. ‘Thr mr!!i«»d *4 ruijvrriuiif iliesic r«-d Irail ores into pigments 
tired no! I#e •lr»rrtl«*-d lirfr, All of llir %rllow und mi rliroinillci'i of 
leinl are ohliiHard Sroso rroroi-.jl,- Tlirx fitr strung colors, ami «!o 

Jl«»| s|«toIS»|»o- 3«- on «-X|«seviire !** ill*' islf of . 

Urd Ir;s4 orje *4 llir limxirt.,! and most r\|«-!|}«ivr |n|'fnr|lts. 

j||»iO llir !li»rs| lilflis-tllt Is* |iSr|iriff lot fs or fo '•ipri-Jid. li Its lltol'r 

M|»rr|»f l!»ie !o rtiluhs-riillolj, liSui !•’« jiiorr ijs iuller ii Ir* I lit. Illiltii' 


/,#•: I it ,1 itf f lt*.\ H, 


4 H 


tlblr In ill* ilU|»rn}«*r |ir»i»ariit!«*is alls! ii|»|>lsr3i!sMri. iiiiil %%}irri' tlw 
fllilurr Hhntlt«l l».*ivr Intr^rrli In iIm- <.r ind-dri j<j|«i!rr. 

IlSnl whi’l'i* llishflrmurr. ml Iglimt iilinr «4 llir* rinlnllltHfM 

tu wiUrU ll»' rnilllMK Wlin t«' 1«‘ '>nli|rr 1 , tA«-lr flw" liiiimra «4 

il.H nnfn’ilHa‘rM?4. 

WIh'U Il'Mlli si |r|»«!alslr jiisismf arinir r alul |»rM|«’rlv 

|srr|wr«‘«| Willi 14 H4»!isl*lr inul nmh't rmi44l» 

tiitIJH nf tli^ iulliri' }l had |«finr4 I**' “i**- slir iiim’sl j-rlssshir 

|jii;isuii!?4. t'= sirslinrln*-, isriwi- if u..i l‘;ii ..f ,;il4r I.* !!«• 

Uftr nf jnlllllrrnnl-^ iiurk 4ii«!, an. I .|s«»i4 

jl'« hiflji rninr. i»nl liJr il» a}! oflarS riiaii,. 

I^V'fiHSPIs. IIIhI nillrf !lt|l4t rmlmr ami Imtt ?s|«”ralH' ^niir»l aiirrs 

lir«’ nfliii is«l4i‘«i In tlsn **i s*’*! lortini l>* ' ?»r| 

in IIh* ttinlr- a|»|ihsnjl U . ni j.nnrsn tl’» "rirrl*’' wlirn 

U|«»ii vrtiiral «»r »n«ln»r-'>l ‘nn !»»•«• \I1 -nstij !s4-nl»«'* sHdnjir*./ 
nOiiilU' «ll*!***i«*«l , llirl. 4n n>4 |iii)r'4 rJil IIh- '•! >-5d«l 

iiimI {*!'«• llu’ |»rn 4 «‘j|»i 4 l r-an-n- »4 ihr failim* <4 lijr | i,i ih,. 

fntm«inlin|j rnat »l|«*Ii fraisr »! Wjl! al**'.?*! «=•< ndjrlj 

jiUlfil**** lt.« Hlii nlhrr a|«|4l«'«i nutln-i ll»»' ‘i-iiiVUr >in"l 

willl tl»«* fifnti nu li}«’ ItJIl’l nl’ lljr 3*aSn<*-t t. * Kjljfili jl >«nS I llr 

lllllrr I' lirlnf fri’» |5Ss’!4! Il !»»i» !■'* *nr!t i| 

\n ft lir:nl mill frrnr l*i*s||r,n, sit llsr « mf -;|3..| . sta s nlnr 

«l iissri’ iinii' miili'risil Sli|liri t«* I|®«' imaiisis? ilni- Sj» tiir 

llBlnilillll illlsl lflill!*|M»ti.|«l$n||. «|sM» fl-llalsH Sjjj|s?';i'Sr •: ll llir |.nra-!.r illnl 

dirt «lllr- l« lltr |||lirl|j«ilS|l, sis llir s|5,.|i mf fs-rrUi--! 

trilfi‘*jM»l’!lll}nil ll««l rfrrilssii liai'r' l«-rn itsatiit-ih In *•! imsI 

It i's li jirilllt* Wii|r}|.«!*»g 111 tills rrT5|8«rl 

tl,-4 l««fldl’tiry l»» sirftir «i llir |finii! 1 * 4 . alrv,* "ts* -rrl " ais<l linr 

fH’rm-.dl V fnr rnsmlisul!) ?il!irsss|? l! =i3|8 ll-si’ Inilislrt |•fnle:|l•h li'-r'is'Sr! 

liy 14 ftinitll IlllSnJIUl list" nf -rsilisri- ir-rl >4 ^'^Mtinrv I**- .« rtls Ti.rrild 

ill il tl»y. lllt» |;* Isrililillsll, ilSl s*l#|i.8i it<|i fij li.n t}.;-,*- Isnf |.-a mfl’M'! In 

tin* imiiiy j«»if»is in il.^ fainr I'isr i'a|fs»l ';**i «4 rr4 Ira. I alsrn ii.ti4r-4 
ft jK'ftlliilt'ily nf tills is !i<Ti i4s|nr Imsiisl*!*' 351 a 
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ami will not again hntul tlia hhiuI m* In the nm.sonry. Tho rod load 
will nut rccuvor its cunilaning piiwcr that oiiNiircs tlu* muliuil buiul 
botwocn llio ntunih uf the pigntfut and lu tlu- .stirfuco (•t)V('r{'tl, bo it. 
wood ur nu’lul. W'lion in ihi.N ounilitiun, if it is applioil tu a motullic! 
.surface, it ''crnuls,” il is culled, and jm'sents an appoaranct' inuro 
like (bat uf curdled milk than a paint, and llu' actual protection uf 
till' body cuvoi’i'd is line !<> the vi'hirlc uuly. It will add but little 
111 the covering power other than uhat any adidterating Hub.stanco 
would do, 

*rhe Helling of reil lend is due to two chi'inieul reaotionH, munely, 
n combination laUweeu the litharge of the rml liaid and the glycerine 
i'k'tueut iti the od; also a combination belwtn*n the fatty acidH of the 
od and the litharge, lormmg n lead Miap, ipdle a firm KuljMUuu’e, but 
one not (nvorable to the tiurnbdity of the paint. 

.Mun\‘ of the fadutes of red lend contingH, if rigidly trner^d to their 
aource, wotdd no doubt Ik* fmmd to have Ihh'IS cauned hy the eari*- 
liwiirw of the painter in not lui'ping the paint well HlirrcHl during 
it.s application, or in preparing loo large a ipiantt!)' for imnuilinte twe, 
or hy Using fite pami left over from day fo day, or from another job. 

h*ni in'iiil tinti l,t!m iJtlift k Mi.rturtii Ut th-ititj *' HrUintj 

Iron oxide, /ine oxide. h}ir\fes. gv|»?4Uiit, etc., nddi**! to rill lend to 
prevent "«ei!ing,.“ are objrriinniiible and ineiTe«‘l ive, iw Irefore notnil. 
l.aiiipblark fr«»m | !«• ! Munrr j»rr |»«»iind of rt-d lead ileiny» the .set- 
ting aelion and rjiiddr- the red lead |o }«' prepared a« a paste lo la* 
iisetl in llie munrdnite Issltsre. ttlaii il is lliiiitnsi bv nddilioiml oil at 
the time and jdarr *4 using l‘he briglU red of ||jr inimuill is 
fled bv ihr lampldarl., fe n ri»»r»<|;»lr color liinl IllilV !«• ligld of dark 
aerordini?, !“ the *|nan?}l% of ilw lampblark tlsed. I .iistlphliiek of 

itself is an r\rrllr!il | . Js ekfl firaih' pjeedvr of IH'Utrid fo all 
piginml.s. !«S3»I l»ii Sisifiiiiid foriiial loij tfi |ifi*4v divid*"*! llui! it mixes 
easib and flior.cigljh wjlli llse oj| and r«si lend withojil deierioraf iliR 
llir \ »4 nilier 

t i „ t I 


. ’ * t 


t K ...I 
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!tjir»l«’!uu|i l»v -'iiiiiiplv' «»r iHr luirfrii 4-;iil_v, In »»ni» 

vnM' flu* liiirfrl** ttrn- li-ll «ii4rsiyf 1*1-4 l'«*r ajj,! 

lilt* fr4 Irjui '>r-!l|r4 III «>>ll5r •ir.i'rs'i'. «lsr!j J| A an nlirrr-i} 

lit*' |m!Ill i4n «r|| UlS'l ■•I.”' iilliufst ;in tlstlW|,?l| f||'y.|(jy 

Lnlillibljirk ri«n!ji8isiii|? '-.isli'lis'ir iii uin si|*|sim.i 'i 4r iiua.yid 
UrVt'f Im’ II4I1V«*«! ttilij i’ltf ii risiifSli^* ««*■.»! riujii. 

U«*VM *>r gn «ils4 **J r'*kr, Sif llir 'at*. I IrMifi 

HS»wt Ilf llll" iM'lftlil'nilJ >*r Isrini lal* S.»!st;i3li nall^lsUJ 

In riiiim* lliJ* finlnt*-* *4 .» rf*.| Ira*! »■<»;». iisi,;'; s-%.r3} uln'ti n-aii i** 

till’ iiitiHyiil Ilf I 6*f ail >«!?«*«’ |s«'>r |«inis4 «4 f'»n| |ra>i 

\|f. iiflll. liiii;i|rr i'rWrn h aiiia IMJ, 

tl»r rr'’>nil mI siiitir <4 is}*> r«i, iii'f fijf 

liirliilln’ jiurla *4 »ij'l irtis'lp*," ha . 

i’k>l. ICiiil Irjul }»ll4 flitt' ««ll, wjillii an i# tIfJrf, 

,Si*I'h!1i|. I»*I84 mi’i «>jl, nn (llJr'f 

Tlni'k, 111*4 l*»mj44iH"k . minai isarin 

lr}p! «•}»»• |n»r!;j, 

f'lflli. \fisi«'rrti lir»mfs irr*! »4 

,S|\|i», \jr\triin 

All tti’f'r ftiorn llir urtssi*- *jsaililii nf ra%%' lisin««|-s*tl* 

Until* lllll li»* fif'nl Iin4 ;l!ll 'Ifli-f 

At lli** rlisi l4 liflllfjl Sl$««|j|||a »4 lilllis enlslii-fl*' r%l tesnilfi* -at lijs* rftf 
»lsi»|W t.llt4r r«ii4itii»ll %%un im fnilniin 

X'llllllw t )ltl* Iw4 fail*'®! ill !%!■'*» ■>*f ltsr*'f ;5|*.»ln 

*• Twi» WiW ilitiw’l fIM'i l.*-. Iw sn raiii-. |s!i»»ii l*« ft'owl, 

11 litiiiiln^r «4 %riir*5‘ «r4f 

** i»IS«l «riilr»i all III a 9*1 '|4ar'rn_ fil’il. 

** Fmjr wiis in I* ■’♦iill »'S!irn«* r*«ii.4s!s«*t» 

** FiVt* Wltn flaSI*’ 

•* %VJV» III IIm* 'niH-i*- llir nlfasglil 
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“’rilWirrliriillv, filS'l ttr.-illn-f , fr4 |r;ii4 

Im* It***! wilil UItt '«»|i all4 lissslrsrl, ta-4 jj -.i, I It.-H li ;| Jtis!i.!!||i 

tlriff. B\ lilt' tiii- rtUil 

tijl }.;4 Iis«n4 lfl»Jl3js|rl«' JlSisI flir li 'suit rtlaf I'S . 1 1 it ;vi 4i- llaiW- 

I’Vrr, fur nr«}ll}ii»> inl»l n I *4 .si |M.}ir4 

i»ll . til fM» 5i » i'»« i‘41:! %s'!h|»ir I-t ’4ilsi|4l 

■Ualflilla li»r lir-jn ) j»jltl|r'lr';« »4 llw f»'>l IrU'l, llirliln l^f r1 .rlsli!s|» lla 
runiisiin wi} vrrilriii mi4 |^jrsit*'i rsnt-rpti^.** 

.11 iflsirr a, 

Miliy ralHvay rfininrr-in la%*ir llir nf rr44f’iii.| 

fialiii Utr llu'ir .slnirliirrft %ilsrtr tlir liuar >4 4r‘U!i,f* i-. •.! Iiiili' jjn*s»»-nl, 
F*»r llir iir rti.iif/iii iw.sssjsK >4 s*"4 Irtu:-! i»<n..i 1 *»f i-jiiv 

Xm *llirr», i'Ml' ll»r‘ .jjssif n 

tUlldr fruStl ini |iM*8lM»in inf ♦If'SSi*"*! aulyhala:’ nf llnir, .'III >4 

bllirk , ff* «4 lrn»l, |lil Iwipu ja «4 ixlf'Jur jp f! , !*» « iurlj 'M 

i»f liwuilttl atr SmuIj, issf* .HI .4 

Thi"-* « fair lining iniiui <4 « »ia»k •*? .litii «•:, rJs r.4.»r, 

Wii||hi»«|| iiltsssil H| iishiipI'i fwi' \ll .4 il»r I in iMliJil 

t*» j»rfVi'iit riiirr««is*i» Ilf'''* Isi tlw* t'r<l |f*ii4 «n'i , ikr iinl* 

»lf limr w4*N llw .slnflisrg f<»r r..4!s!s slr.sljiin 

Blsvlliiliif «»f a |ir*«lrrlk**’ riiiirarlrr l<* llir mltliifr, risr4 liir rsii«-fjnj| 

Is 

If J»!1V nf flsr |l*W’»riirl*»»!S i|9|5s«r|'4iii»t|?» Iff lls-fr |»»r 

tlw’ fMlIjiltnlr Ilf iiisir is* llsl-! fMt'iisnla, llir 81.4.1 !«■ in 

all f««f r<»nl««g frftir- 

Miililrr** K/'iwriiiiriifi mih ('hmp tini kml |*rt?iif,a, 

Mlllilt’f, ill Ills 1*1 lifi »4nr«- a rlir3|s limits?. |w»ll«| 

r«»nlj»ini»ig 'i| |«-t- r»-ni s*! fr'-.| |«-a4 if I l«l ii-arti 

nf ibis nil wilil rlrt'V «‘fs«- *4 llir ft4lsri% int» j-n ‘live Ifjtfs liultli 

itw'ii C*»rlirr*» f ilm! ijimk’. sj*-.! in 




The bright lustre of rod lead is ofteti tourtl l»v \'fnriinti 

red. This pigment, if it could Ik? ohliiiuc<l frmn u iiidur.’tl «.ir. ih n 
very desirable one, but the luhies tlud furuiitlird it m b.iiiirr ilfiyn 
have long been, exhausted as a cumuM'rfiiU mnuTv uf jsml 

the copperas reds have taken il« place. Tliew* ruiiiiim n 
of sulphuric acid loosely held in oinidtiimliaii {m-v Aiudi^an. tlini.irr 
III), and their use with red lead is aa tllHiwtroiiH i«» fin- jniiui mi iIh^ 
direct effect of hydrie. Hulphide. 

The effect of tlie Hiilphur element in iKilh nwen la gmiil^ iulliirueinl 
by heat, a few wtieks’ exposure to luil auinmer lejaipi-rrtitirt-fi lK-iit|| 
all that Is necessary to dealmy the eoiitiiin hv rr'ipirtiHn it 
and easily reniovetl by the hand, or ehw* ii i»» |»«fi in 'Uiijw. 

This action of the Hulphur is Hometiine« wdd rt«>f tu !«* tliir Ik* u rlyunn- 
for the worse in the red-hnul utoiu«, Iml to l!>r rlmour m ihr %,.• 
hide. But tlu' ('ffect of Hulphur Uj«m drir«l liiifertt i.?^ jilimru. 

nil, and the oil-film is always nearly tnuwjuirriii i4 wliairi.-r 

pigment may be aHHocialed with it. Any elumgr ii« ilj.- i.n'ium! 
is denoted by a change of color in ila* pniiii, tt'Ii»!rv<o lium U ii»- 
cause of the change. Tlu* elmnge in thr piKJonsi 
through the thin film of drunl nil «jnite m meiilv jn ji «, !»• 

of glass, and generally intliealeH n w|«Tdy .4' sit,- 

In many mills and workshops idl«»f lhe«« •is!l|4sn8»<si'» 

fumes, and saturated atmo.spherie elemettlii -ure j«rr-?«-ui . sisj.i !,•,| i,-.*.! 
coatings in such loeatioriH are short-lived. 


The sulphur element, whethttf In thti oil or the r,-.! ,,r 

any other source, renders the imint lliihle to drv «« ihr -usdii.-.. msJ-. 


and the inner portion of the oil that ihr |.iyti.rsii 

remains soft and, tluntvfore, more sengltivt? tii iinv dftitriifiivr lisilif- 
ences that reach the coating. 


From 2S to 30 pounds ot ml I, .ml to a ..ji 

to make a good rod-lotul piiiut, for ..vt-u uji.-n w.-H .. ... J..,}.!.. 

to streak, curdle, or nm, ,u„l is ,lilti,.|,|| f... ,|... 

Tke bulk of the red lend in m wnnll r..m|.i,n..l i,ii|, „„ ,pi., 

of any other pigment per unit ..f ei.v..ml il.„i ii„. 

the red lead are well liouw»l in the ..i| I.■n,.r n,..,,, 

when the ermr It. nna o».A r.,, ...... r .. .. . ’ 58 *. 



Red-lead compositions aro oxtoralvoly iidvortiKt’*! indi'li- 

nitely without setting, and tluit are reatly for um? fit atiy timn wiihtnti. 
further mixing or preparation. In all Hueh mistuna, tlie rwl 



Fig. 11 .— Photomicrograph X 100 of a flhn of elri«I fmm an Imw 

pillar show ng rust hllsn'ra. 'I1w dark |« mi k-iwl »»*»! i» 
niM^throigh tho^ 'riw* »hn* osldp wid iirr ullJlr simI rtfsj 


or the oil, or both, are adulteratocl and will In* fotiinl ii» |>i< rnfn|»{ifii» 
tively short-lived and unrelitdile wlmtiwi^r mny ibr 
which in general lays more atnw Ufam thi* rxlratmllniirv hrup rmrfjirp 
that can be covered than the pennaiieni rliumrirr «f iii«> r..i,iiiig. 
As well expect a hydraulic cement ready mixi**! t*. I«. m witinlib. artirfii 
for engineering use as an “always^reiidy” n'tldrnd pulHt. 

The setting or solidifieatlon of a pure «r m.minnlly ptirp ri'»l4r#i«l 
paint is a characteristic chemical union llif» f»il i»f„! ti„. 

^d without this action the paint h worthki«. Ilito nriirii 

is sought to be simulated in all oomi'Mnmd plinth hv iIip ldif*r»| iistf 
of driers either ineorporatrel in the verdede l»v lit^m ».r },v U4nm 
mtrocluced tl'irough the bimg-hole of the Imrrtd* 11»o mmt 

take place eventually, and the tetter faint will Im* tbo 
It IS definitely provided for, and not left to t.h« 


MiXTcnhs ki:M>r for usr. 


57 


( )nt> |,nll «'f rruil«* miiirrjil »»it i.r liruvy rr{im‘«l iictntltnim luldtHl 
111 H Ijnlinu nf r»*i| Irsid |•niul will ili-liiv Uir iif it iiuli'fiuitcly. 

It will dry MijnTi»rudl> , m llu* u\ul!/.uj|.x |Hiw<'!r uf tin* ri‘d Irud will 
rnHiiri' tluU i-n'iiiii lid. Iiuf Slir |trfrii!rum wdl nluny-H miiuiu viscid iti 
tlu' rujlUtH' ''md r\ rlililidl'k drn{r««) if !»y uftrr Utl t'Xlnwlim 

In n f^trnUK fitud^di! > .f hrul. !n||utt uf fnl!*»Wl*d liy a Iu\Vl'l‘ tlalllp 
Iruipcndtirc nr n ^.-inriH, 

Us‘d lead. fiShi-r ill tljf fnrill nf {s |ii|.^Jurll| ut* |i{U4<', wlu'll ((IlnltHl 
ns "sis'Kiid mu Im- r«‘Knrd«'d jml nn!) willi suspirinii, 

!mt willi n rn laiuH tisnl it is I'rmlly ailtdlrrnfrd »«r |«H»tiy uxitli/ 4 Hl 
ifi8|»ur»* In.'id. «»r »•<! w.nslsrd nr |»tihi‘ri/.i‘d, 

Id r^*l elites iisaimlar I *4 ml Imd iih ,H{n*u!jd"<|UiditV’ 

j»r*Mhict llijil iImw {st«* w iIImii? 1m iinv«* Iwnr I hrir Urmid nr wnl. Thrro 
art’ n InrMr nnsa^wr »•! rrd lr«i| n»rrut|«*r-» m ilir I uitnd Stairs, and 
tu ll»r iHitiinr'pi ki»nw |«*«i|»r nul^ nUr «4 f1«r ijiifjjin'r inlvrrUsrs a nrmnd' 
cdiw prndiirl. If nan id«n 1»«- i4 nj!rm>i tu anfr iLat thr I nitril 
Slati'n Jliirriui nf C 'mr-:! na’isnn, }» ii,n «jr«lrt>* f««r rr«l l«-jid, 
tl»* niiikr i4 nur rMtn.dnf iia ||}r .niainljird t4 »|ni»!ily t»» wliitdi all 

tmdritsi liuri! «') •Ilf. irin. 

A Ir.'j Ir’nl i|.s ll ffnsu llin limlinfa*'! urrf JH flJH'lv jitll- 

Vrfi/.rd, ii;) llsn |"*nj| »» ;i inrin! !j»\;iMifr llsr aud 

rutl!un|.? rrattl. >*r r!ir.|lsS!rt ils«‘ |*i}S!slrt>i r'dl It), I’lir atnJsiM 

plmild !«' whr h ji«> lir iii r-s a |fa«M| r*wg-ri!',|f i,r lii'hl »lisj*rrdn|{ 

jHiWrf, If IIk* iit*' r!y’4«ll lir aij<l tsr Irx’-s 

Inr'fUt, ll»“ 4%sll Ian*’ it !rij.|«-|s»'% !*« " 1 ;i« ^4 " TiislH rflrrt dnrM 

}t««l idWins j'j)i|r at*' I <}|-’SJS*i3! it <lr-!3r|s hI S!| n| Iji-f |u 

Cnriti 14 »itifjsl»|r , Inf tla* "tUflS' IT «Sijr? SHu-t dllr Is » llm* (I||||dit y 

nf l!ir mjI. airi iluil flit* rr'nl-lnitl iiiiiinifarinri-r lias M’ldniji nijyl!iiiJ|| 

In sin %\ I f 1 s 

I'iir ii.iull s-raimii t4 t*-A !rft«i iiii.i liflinry*' *■'«« |*f r«-i»»iilv im-rr- 
laifml Iw dif I '4,1 iitf? >'» n«i3j|>ls- III ,'i Misrtjj ?»i4i!tis«is «*!' jiilrir arid; lli« 

fnitlllrt'afli “i will !'*'5t:sillll !|I3> IIT.T4 .|| *'i| 

ill <lr*«d3l<s-tl«' IM'ld 'Siill r'alfiir? ||w» MnU frnfjl tilff 


Salt creates a choiTdoal aetinii oii retl It*;ui ihsit j- h.ihlr i** 
the coating ami rcduco tho red lend to u inrlsdlif .''tuir. 

Griuishaw roeomiuondH a niixlutv of r.-d Imd «iflt |.;uon-r/ 
sizing to cover pine kiiols or yellow pine wuodwMil,. in-f.-nd ..i ilu* 
usual sliollac varniHli. If fonus a heavier rnaHn^. ih.ut do li.ir. r, 
equally or inoro resLstatil. to the pildn nod i- 1.-.-, liabh- Ui 

A gallon of pure linset'd-oil will reipnre u.u ilem diij.Mnnd. 
as a luiuiiuum quaiitily of pure red h*nd to dti jKniiid < a - a irs.ivnt.nju 
quantity for a reliable reildend paint whieh xmV l!..su V:.n o, 

1200 Bcpiaro feet of nudaHie Httrfaee. 'rhe-.r t|iiHssiiJi. = .4 n-.ss. u.d 
at once rennove red-lead ptuut from any eojiq.m s'-.-fj .4' e*.4 «tiij 
the oxidcH)f"iron and many mixed patiit> pim* m ibr 

of proprietary goods, tlie iiigredieniN «•! ttlarh nse •'!:h i>> liiO 

makers, aiul the eliaraeler and petformanee oi ’ si! m 

quite as erratic a manner us the priee tor fh* ss*. 

The pvotetd'ive (nialilies of a \\fll-o\idi/ed pe.i. i. •! !» .s i .»!i { 
pure oil paint, properly applied to any .'Umeimr no.|« » .m*. . os. , 

except, to tln‘ tielion of liyilrho.siilphide ga-<, ramuMi In /.jm .»] | Itui 

wliat ('fhu'.t oilier than failure of it cun !«• Aii. n a nn- 

meat engiiu't'i' in eluirge of an huponani h^diaoli. r..o 
after cleaning llu' metal part of ilu> vmk b\ iln- ..uid !<lr!, ...aod 
it with tlu' folloiving paint? ‘Miedlt-nd, It* pHiiisd''', e. jt!i fl,;. •! 

•piaiii of water to one gallon of raw !irra*ed oil ho fii>- fii -? so. I 

for the second coaling, re«l lead, 10 pound"., tin*-*- |.su« 1 . 4 ' 

three ounces of lam]>hlack mistnl with .•noneli !nii« ntsn.- i-. .»l,r 

a paste, and oik' gallon of raw Hn-^ctnl tiji, ti . . .o '. 

to (irst moisten lht« reil lenrl with wnti*r to provt-ui ib.- 
streaking and sagging. Without the water, n !:He» ? s-o ..f 

turponline and drier would have Ihtii nere^ Hjsrv, »in»f s ’s }!'.<!■! I'mn 
mkml infunam In the life of Ihr iHiini. tu wuruj i, 

less (puinlily of nnl lead coiiltl In* n^ed *' lor iiiorr 

Many kindred (‘xamjik'H of Hiieh '*h«»w not to fnieisM*-" 

can he cited, none, however, more nmMpiriiosw lij-ju si*.- wh -is 

the engineer in charge and the charurter of il»- w.nl m,- r.,u -s.|. o .1 
Tho Hulistitntion of water for turiMuiiiur ill fit«' jO.!s<*'43?J In Ir 
noted in order to mnlnrui the lifi. of tl IBB iiSlISlf ill -He, .V..L-. 



Die canxuuc atucun uu* wjtm* ivmi s? 
of lead which aljssorhe inon* uxyfivtt « rr«i Iru.l ,4 

lighter color than that luado fnmi liiliiir|,!:i' rri«»Mji liswi thv ..\S8|||- 

tion is more comploto. 

Paris red is propaml by rtawiitig, tlio rfirltc»iittir <4 Iriul !«« » 
the diffcrcnco betwocu llio Onuigr minrml »««! r«ti« n-d piKiiwnin 
being that tho latter retains 11 lit!i*‘ and mj iIii ri*iii| 

duo to the (lifferout degree <»f heal ejji|il«»yrd in slit- furnurr ihf 
manner of cooling the imuluet, m «ti ird 

pigment formed from the u)iitks c»f lend. 



CHAri'KIt V. 
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Whii«‘ L<’iwi| Cny 4 r «?«-4 ('«rl*niMUs* tif 8 j»«Tifif gmvity, 

II !«i «*. IHII, 

Tus^: jiJilivr }yiliy«lr»«i‘« mrin rMriw^itiilr «»f nUltHl 

‘‘r** ttlirji |»tirr i« fmsiiil ill rulurl«*?i,H rryatnlii 

Ilf tlu- inmririr iiv-ansa. It sh m rHHiim*rriii! in nil 

jmrbMif Ihr wMil'l wlirrr iiiinmil li-ti*! Mfi's-i. nn- iiniinl fur HUH’lliiiK |»ur- 
lltin Jui’idSMijs iIh* Ufi«' «rf n iijitnr ri’fitur fuliiiil till lln» Iniuin 
tif 'rhrtMl«»tn« h! Muiriui. 

*riir *4 |r{»«l. iriiiSi. in tin* I »!«»•■■■ St*ii» I «»rt‘ (t Inlfiiii) niid 

y, llu’ |*riin*i|«Hl f«'i' ihr fi 5 j|»nH mC iisrinllir Irful, Wliitt* knul 

lUltl lli*“ d’*l i 4 |rt 4 >l nrr lir\l {»« lljr s*\|>lr »4 il'Mll, «H’hr«% U!ll- 

ImT, ijllfl !lir M|.ir-i| Ljsi»«!» J I n . | k* »«r« »rii !f3« (|J,r. 

I’liiif, i8ii»l \r!nnin-! nil ilsr ttf wlnli* Irwi )»y 

I»'ii 4 Im !|«' i,i 4 |a*r *4 1 , j!i|* llir |»riMilHrl flu* 

tifitur *4 " I ’rrU'.-.'i ’* H?s<i ’'l’«-r<snis " I li-riiiiifiH ill I 77 <^* il ns 

II riiflMsiiiiir *4 Irti'i «4 ills ar-f*ia?«-, itfi if !4fi4 iH'fMrr Ikvii {Hih- 

Ptilrrmi 

Wiair lrii4 -vMi’i ir'r-4 In fliti 1 4 n-|»f jairs as n nipiliirlir |»»tig 

itis w«|>l<«4 Mp-3s! f-*! a I'Ji.'lUrfs! 

Thr JiU'l iiH-t ^4 IraA »st'i’ 1 m |#r»«|!!r«MSM‘ialiir %V 0 !rf 1 

Urnrli^sr*! 1«». di3- t ijiii*--'*- 'y^***^ i,»"riri |j < lli llir 2i!jirli!!5|» »«f 

tit'i" Iiifi.'*- < jHMn=! d s«":; >~'i I'.s- 1« ;».! ntv l>» flu- tn-il *' SssiJiinisi 

tiir list- *14 i\- li I I.! aSsls-Mliilr'!’, llij- ill* >« !«f |»r«H|lH'|ftK 

Wlillr Ir-.s-l 1*’, r . .f t . -I i, rM|ijinati<l«'4 llsr I sr3irlit«*s4 t*« |Hirifv 

! '■ 1 = ', flf-t" 

I hr i »!'iSS) la I 'i-i ■'S H > <f will!-?' Iriiil S'l 5«r* |rt‘ till* 




•was almost synouyiiuniH with limt ^4 nhimih \%m 

iatrodiiced by Ilullaiubra, hrtuT lli« iwiiir '’Iniirl, ri,,ri v> 

In this process thin perfamtel of Ira* I arr v%i «*»*'« I II j 



Fio, 12 . — Siv’t't’-h'ittl IntrkI*-# ami |w»l. 


containing a weak iolution of iirrtir arid C»«irr »iili k*| 
acid) or conmiun cider vlnrgiir. Hir ff**!.?* an- fdar.-d m Imo;*.: iirr«, 
each tier being loow'ly euvcrrt! with lusimi?* u» 

bers, 9000 to 10,000 {lotn etailitiitiisg licior jrj.n- .4 lisriuihr 
The bed of pote w then in *.inv>lr,r,i. nial.S.- IjUrr, 

etc,, that fennonte aiiti ««m rtiw* lim irns|*«-faitnrr »4 ih-.i;-, i,, 

140® or 166® F. A ((UfUitily of vlofgjir ,4' •;ir>,uu 

acid oonverta 2 to 2| torw «»f imil ioi** i!ii* rwrl-^iiMir «4 !«•;», i m a!«.nt 


100 days. The only attorition tl«r Ird thr puH-r-=y.i ,4 

corrosion is to eontnd the t»f ilw^ iniiw, |h ihr 

admission of the air to tbo Intoriiir of thr k-dn h% , i.^nng 

the aperture® left for that pnrfMwr, 'Hir r*.rrt«i»*ii r, |.s«r!i, <,1!^ 
completed at the end of (10 dnyu, hiii tlir li«*! h >4 sh'. 

so it is the practloe to allow the Iwln ti» wiwin i‘.,t :ui *.? til 

days more, in which time the Imtl n ii«, 

lead is allowed to remain In the lunh Im, f, *,r ii it 

is liable to become dystalline wnl lriiiii*|iiirr'fi! nu‘l «iil I**- *4 |«.isnr 
covering power. Care l« nm^rv iii the i» *4 lun-t ,.,r 

from fl,esh-eating animah, » they tri. Hal*, t„ ihv mUir mr- 

bonate of lead a« it forroi into i dark fiitipliidr t,f Ir.i4 il.- .,ii, 
phnroiis hydrogen evolvwl in the dtwtfti|w»>,iij,rtj ,4 if,,. riH-smirr 

At the time of itieking the »ir l« tile t'W'fi riifiifsiirn ’*il 

of oxvffen: wA«l-a J* »4»i « 



tlinu4d* f» «»! jiim! HvrvvHH. 'I'hc {-(UTtHU'd ]t<ncl in 

thru uji\r«l with ttjilrr nu*l i'r(i*uii«| laihr-NtunrH (<i an iiiijiiil-” 

pnhlr }M*wilrr. 5 iIum |«Mii i»f ihi* jiriuTf'-* is (iniilttnl hv (ha 

tiuirk’in‘nrr--».«. Ira«l ii»niuif:»rnuri>*. Urmusf jif ilm* liur .s.{ntr uf tlivl- 
Hiuii iu ttiurlit il tivvv'>'iiir\ !«» rrdtirr tin* uirlnllir Irnd fi»r tlir-Hr priic- 
rj4sr*>, '1 !»r iiiu’Mf r* *»lrd |»uilirlr-s jifr mi iiiliuiiilrh' JixHtirintril with 
thr riU'lMilsjilr tlial Il8r\ iilr Ur lllirfrlil 1\' rlllliiluiljnl iu tlir >r})nrat«»r, 
and if mil ihr « nirr niMju-s, ttill nivn- ila* fnrr uf ihr .sltinr>< 

with n ruiilJUiLf uf inrtiiihr Irjid llinl mum imjinirn thrir itriudiiiu; jHiwrr 
lUld illlpiirl.s ji diirk rulur lu l!sr jiriwllirl. 

If tl»r prrlifuuijirv ttii-duui* l»«dur«’ p.riu.|»U|» in t»«t! thtiruu|,'|dv duiir 
tu frM* It frutJi llir arrisr ijrid fttliirh is a .Inrr'l llir |«>ttdrrrd rnrlMiU- 
ittr will drv in i-Uiusss nii-l Iwiijw. und j| juhv runiniu pnrtlv c’urrudril 
or |tlirrd«*iul |»u!iir|r’s, sn «is}r-li ri»,sr lljr rs»rrun|M!i ul' ihrui ui!l priu 
rwl m llir |siU!il ruisis!?.,* frulii ilu- arid ill flu* nliinw|»hrrr. 

Ad«l»*d adiillrriuii.s u| juiv liiiliifr rjinuui j»rr\'iisi thin wrufidnry rur- 

Sihi-r III fiir jurliilljr Irad JI imskislj rani ill tin* nirrudlil 

lrn«i. whllr Iri'tiunlls llr iinr;: il S»i a dark ur I'rali ru|ur ,\«iiuiuu\, 
lir?»ru«r, itu!i, ,’inr, jiii.l jiir'ljiln jiku* lisjvr n iffrat rllrrf uii thr 

{•ufuf uf ihr «"ut|u.|rd Irad 

Aftrr iffiirisni? . lias* Sin^rd iU8«i ttjslrr !?« li$«*«’lKiUiridlv 

f|uiiJ*ni |m ft'Hiiiiv rtin ruftfnt- par I . llirli |?iilJ3j»«-d |»ls* iisr^lr MrllliuR- 
iliuk«>. wijrrr i! jn .iuiii.lr- tt u siis-d with |»i3J'r ssul'l ttalrf lllul hiraflMififitr 
Ilf Misfa in nujutiuis fu isr 5i! I iilu-tr Ifsri'r Ilf l!ir nrjt! tillll IIIIIV 

lir |»rr*niiil Afts'S' llir Isinr fu srlllr jn tliliks. lilt* 

wilfrr l» dfiitiis ufl. Iiirl liar |S- 1 |||» Irml. ritm I«|| ■„*-i |«*r rwit llV 

wrlflhl uf ttafrf. 3-'. |.i|fupr4 i,* :ilja||u%% rrii|»|M-r *ir% lifid 

ihf «:llrf a-i a|a*j .If r«| 'iln-! slfl.8l3|^ fa's pi »'»'•« ffuMl li l«» H «laVS, 

ifir ir««j»'rist''.ir»' >4 iln- dfi,3n|.* rssuiiin Im-mg lir|af ai! tu IlMf* 

1“ , llir Iriid |»ru,|i|r! mhr$! it Irjiia-n flu- iln itli.p|niS.|.s jiiiivrri/rt! 
iiud i«arl»ri«-i| iin 4f% If-id uruiMid iii ttilli 

Ull luf H pan!*- »>f SJ!S%r4 pailif 

A liludsfjraf 3,.3:j ,4 ll,i' | ♦r<!,,••|s I.f'ijii issullli IW ■” |hsl|i 

mn Lrad/' r.j!K;n4 >4 taking l1j»* fsnlp Irs'id flw* 

|4iir|ti|« If m I'l fiiisL ) .f Isitsiff'd 9«?i .flrsd fnihlrr’IilJj* !lir i«» E 


tioii with Uu‘ h'lul. Pulp ! • ‘l'Tj.lr4h ii..‘ 
qiu'iiily p;r(iuuil it dut's imt l>riu^ si uj* i” v.ii 
whiU'-loiul product. Pulp Is’isd" nvr snrhs.* i 
SilUlC l('!ld SUhluiltcd to tin* lull p5"rr Ml .h’,n 
iiijf. They !U’(' more uuccrtsiiu m lisluni*: ir.o 
frosty wcutJu'r or sm expoHod .-inmiiMU ntf p!.-’ 


rciiuire niorc driers (o jud in drivmp, m!| fPr « 

I)ric(> is sill tluU ;i;ives them ss imukr-i, 

J}y the ‘‘Old Duleh Proci*“»>** ih*- Iriid r* 
oarbonaU'd at the expeiSNe of flic s i H.- 

I'ivs'd froin (he iiir, ami the ciirlHiSiic ai i-i tli. ♦ 
feruK'Uliujii; soures'. 'I'he vsipor fmo* shr a* s 4 . 1 . . i 

oraU'd by the heat of fermt*iiUsii*'is 
oxids' of haul sis it forms, rtmvrs imt* u ssiJm .4 l.» 
is again di'coiuposeil by ihi* caibomr ;u i.i, ?l(«' .i- • *.«* 
Bet fre(' (0 act upon anofiuT ptufitMi m 1 th, i. s.j 
ddiis is shown (0 be the modi* ««( so Iimu In .* • 
corrosion, in whh'h (he pr«tin\i<!r ni . I'l.n 
water eontaining about I pr r erijS >4 shr d 

(sugar of leail, Pb().(yi„( y jmd :» fturi'fii *4 (-.uIm.-.j. 
over it, the litharge being tjuiek! \ rum n Irii !!p.. 
lead. 

Tilers* are many modilieiiiime.. mI iIh- "stl.l M'O.l 
are referred to hereafter; nil isstm.lrd Im SOipSMM, ? is, 
the. ])('rio(l of corrosion, and nvmd shr » S l» <■' ! > 

evolvc'd from the corrotling Imd, npins shr 
the oiseratioiiH connects'd with tin- SUiUsni ;»« t ’sS . 
products by any pivnaw, from ihe »»jr i,. ;i, ,,i,- 
ingly detrimental to the jieallli of all |*« r-.Mfr. ,1 
the best-known precautions. 

When honestly and thoronghiv dum- 
operations called the "tlld Ihitrli Pi..,-,-.- " il:.. 
smooth, and honingt*m'ous in rhnrarirr ii.> I,.... 
can be used with litlh* or no wanir. p in p.u'i. 
sulphur compoutuls, whleli invjsrinbK h .. i 

to a sul[)]iide, to the detriment of ilj,. rolot no.! Li. . » * 
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tlu*>il!irk inn\ fiMm ih;i! ilsr wnl!-', uiuTi* uusn* ntuislurt* 

i.H |irr'»rul. All «-\rr'r. t.l !ji< .l-l sin- |?,lVr-. l!jr U 

niu'r. Till* <<1 ii-iiijM'5 ;»{ «iJ «■ m stir •’.lan-k, thtr t(« mnuy chuhcs, 

jll-m the lUtH- «<l flu' ’.• ;»! fh;i! liar rMtru'ijMn in rlfri’lfij, gitVi'TSlS lh(‘ 
ijSl;slt!i. »'! flu- I<|...|url, 

( t’luS tthitr |r;l«l J- ••Sfril jjJH’ ft'i |5lnl*'K' run'inhnl. U'UmIh'cI, 

lUlil fnTj’-s *4 saiiji-. .! S .»4r4 IrinL liUi liiirk, nShrr .Hllll* 

Jtf iNiSii lilt- !*-i!n«-3!! 3tsr lUr* > 1 1 w»j ii li-i ! in fhc jiiuiiicHl, 

Ml! I'lri s irn t!i!| •> •-If j. .u mI in flj,- |jit\ril ttr Jiuilll 

i|ini*Ml»*|n |I a5il<l niji.lfru- ill*' Isir >4 ! 1 ir |»niul ’!**» lUl I'StfUl 

jn ihr riSS »n •! J i ■-■J' Oj *4 1< | «s ;»r ? rim! , lisn! llir ln'iUul i»f "njil 

Ihlli'li I*?. }! r.illr.l !1S "lli*- |?» » ■ hli'k V pt'l »«•«">»« ” 

In ihv »4 rh> -'ix '^insrk |*!orr‘!n ** |t H Hit jfiHi'cr 

n »’!j!rn>>u *4 !•«'! • t j< *ii i»i !!nuii4.u ’uir ;vinl |»n!SS\. 

lilN'S'tii Si-J*'?! ni4»- :»»•'. nf » irsilrj'n. \’r 

Ijili; Isii'i %*■' \ r ! -llr 1 jrr iUnl ju ‘tMUH' 

Ijjn III.} • -n « . i It 1" - jIi' ?.» vi.'ji, lliisS !uj| (cW r««rr«K|fT'i 

S.t n'-> ‘''(if ‘ *M r5...rn-._ ulrnjj Ji! «!«• it UKItV 

!«■ <1. h:Ur till' i’-t •l-rfi;.'’ f"* ^Itr rMn!i«!rti«'r tljJll 

|i:U3lt*'» n-'*" . IfV'ii' ii; Jin 35aif!8in. tt Ijlrls llllVl" ln‘rJJ 

ks3*«ttii isn-l Ii .'.A'h in -I L'i I i r. ^ n - 

• ‘i tii* (.■'•iitii .1 .4 .4 < <1 f < «■! ji 111 i-i.isnin! St! llir rr<llU'* 

Hf.n i4 'it. i.slln !• A-i ts's.u-ni,'. ■i-.s*, -!, >.! n5sl.|*TlHji;* llic umllrli 

Ir’.*'.! ft* .jri2.*u >•! .V!'. Ai’ '■! -la.#'.. i.Lrti |»i ttir.sli i! i-s riii'ii iiifji 

.MfHilll Ifp ’ It 1*- , jt," ! s .>,1 1 , :,■•<!< :Vt C H '! k.H'f r\|««nr.i !«» lllr lirlpltl 

<4 !ijr A’l-Ii, till i i ff-rt a 5 .» lis' !t,,; ■sl.x' f < ■! ’ i;.? ! I <S4 k! flu- Jirrlitlf i*C 

it td’al ■ >.1 * ' n ii 4 'jSirtnlSu.: r .111 M <Sii|r iiri4 |'{l» 

«*%»•! It. tis. i .n'4 i I i’s MJ.« rjul i'5 1 >1 »al ij 1 3 J n _ t,r 1*\' flic* 

||!<l |.!i..4na!. ’.i .•X I*..., t'.tiH't-n'i i'lfl llirnr |*rMri'»r’% 

ttiuir llifi .4. M'. .i . i ii-f-'x f I'hf . t.irt»f«S.i.Ss, Isill, r 3i»«l |!n|*r»»Vril 

ilsr ..| 4!,. i, '< ... 5V1 l| tivi . Ii«1:|.*rr-s !«• flsr r3Sj|i|«»y**:M, 

'I'in- |.f ts.lix 1 1 h. ■. .l.i!. ].J -I r nnrn |:i Sls4 «»Slh ri»jiri«*r 

til li'.rt IM . Xi-x - J.') . ini iii.il-’. rf % nl isll Jlir . JS|I» ! riiri i**» 

t if i t t; t .1 i ! r -Ii i . ■ ! i J n f 1 .i ' t ntif f . 1 1 tfii*'.' Ill I ,|^f till ll t J 1^ 



oxide into a solution of nontnil ])luml)i(; a(’('lnlc (su«inr of lend), 
is a white insoluble, anhydrouH |)()\V(l(’r calletl “ i'i’<*eii»iiatril white' 
lead.” It is of coniparativi'ly iH'ee'Ut use' aiul Is favorably n'jiortcil 
upon for a pifj;mc'nt. 

The hydrated carbonates of lead, formed by the direct nelioti of 
carbonic acid on the hyelrate, of lead (I'b.ft dilTers fnuu (ht‘ pri'™ 
cipitatod carbonate's in b('iuji; amorphous and perfectly itpupue; 
whereas the precipitated carbonate is au ajigri'pite tif minute iruiiH- 
parent crystal] ino ftrains. lienee the former are the be-^i pigmeutM; 
their greater opacity gives what the ijaintc'm enli “bttdy,” 

In the German, Austrian, or Ghainber pnua'S.seH of comi.-xiou, the 
lead is used in slie('ts 1”X.S”X12” ISOO or 2(100 .Mhi'i-ts in n bo\, .s 
boxes to a cluunbor that may eontuiu 12 (o 21 tons of Icnil. The 
walls of the eliamher ar(\ lined with metal ami heated by strum. 
The carbonic-acid gas is nuuh' by (he fermentation of \ iuejrar, yenst, 
and otlier siibstancos, ammonia, phosplialt' of magnesia, etc., In-ing 
added to hasten the fernn'idaiion. (’arbouie aciil from binning; 
charcoal and other nadhods are employed for gi'iieratitig the car- 
bonic-acid gas in great voliuiu', for a ciuick cornuling vnpt»r to lill 
the chamber. 

The Kroinser white or Klangenfurt, a (h*rmnn etirroMion proccNS, 
uses the vinegar from dried grapi's a.s an excilanf (o eorto>4inn, dlte 
best quality of this ])roceHH It'ud is clfiimi'd to be uhifer than the 
^'Old Dutch Process” leads and to cover etptally nn uelh 

Krern’s or Grom’s white is a poorer (piniitv of tlie *’ KretuHer 
process ” lead. 

Kremnite white is a product from Kremnlt//M ((Sermnn) dry 
precipitation jirocc^Hs. 


nako-wlute iH a iHiro wliU.. I,.,,,] i„ „ »c„lv f„,„, mll.rr lim.i 
as crystals or Ki-aiua-tUo usual t<,na fr„in Ihr |,r,..v« It 

lacks opacity or covering iiowi'r. 

The Chchy or French process is the principid qtiick .eorrM.ion 
P’oecss used in hrance. Tlie produet is kni.wn (vL.. dc r /.e/o,. 
t is entirely different from tlie other ilecompiwiii,,!! or preripiiaijon 
processes mentioneil before'. Tlu' white l..nd is fonm-d bv pn..|»« 
cai boiiic-acid gas for 12 to 14 hours thromrh « 


QtK'K i>i{(ici’:ss ir/z/y/v ij-:ads. 


()7 

foniiccl is moi'i' iir hvss rrystulliiu', loose or course ingrain. It lake's up 
less till than llu* t)ltl Dnlcli Proce'ss leatls, allows inort' ligljl l.(» pass 
thrtutgh il, hence does not cover nearly so well. 

({reiii'lierg's ((lernuin) process consists of tlu' action of carbonic, 
acid on linely divided lend ntal litharge while being rolli-d constantly 
in light metnllie cyliinlers. 'I'iu' inechnnical friction aids the corro- 
nion ill the expense' eif tin* purity and duriibility of tlie prodiu’t, though 
llu'i'e is less exposure of the Workman to tlu' (’orrosion fiunes in this 
piirt «>f the process, 

.Milner's (English) process jiroducj'S white lend in two diiys by 
the action of e’nrbonic sieid on oxychloride of lend (lithurge) by 
grimling ihein to|.r,<'ther with eonnium salt in wnle*r. 

I’iUliwin's (IxiiKlinh) lend is n we-t pi'ceipilsiiion product the oxy- 
chloride i»f lend, made by the ni’tion e»f muriiitie acid on guleiui (lend 
ore). 

Thr Cttrirt (American) process is a naHliliealion or tin improve- 
ment on the Kreinnii/ ((termnn) pnieesw. ,M«'tnllie lend is melted, 
and whilt‘ molten ii\en into tim* particles, like Hour, liy a jet of high- 
presi-nire superlieiiled sfenm. 'llns nmorplaniH powder, of a sleel- 
grsiy or dm k blue color, iw charged into n ri'Volving cylinder f) to 7 
ft*el in diiuneler by S to I'J feel long, t tm* end «if thi' cylimler is I'on- 
neefi'd to an exhunsi fan and the other end to a flue hnuling from a 
fni'inu’c whi'i'e embonie acid giw is geiierafe»l from burning eharetaih 
(lenernlly the products of eoinlmstiofi frmn a eiike fire under the 
»leivmdM*iler of the phuil are iC'W'd for tin* I’omHlitig gas, the furnui'c 
gasi's hn\ing U*en wjedted nml purified to fi'ee I Item from any .sulphur 
present. 1*!te leiiijx'rature of iht* revolving, e>lindt‘r and the charge 
of ptuvdered lend i®* lu-pl nt lilmsil Mtf* I*’, duriisg the pnnx’KS, Itilufe 
acetic acid and hoi w-jiter are spriiyed intofhcch.’imlH'rnt dilTcrcnt linicH 
tlurhig the corroHioii pr»»rr»f'n flic Hinge of which i?t idwnvs iicei'ssible f«jr 
ins|sTiion by frnso's, ing Hiimplrs of the Icjtd without interrupting the 
ehemirul nrijun «.f rorronion, agilalioii or turning-over of the 

lend and its eX|M»Hure to the hen! ronsfnnt during the proecKs. 
About ho jH'T crlif of the lend i‘4 rliHliged to white li’lld bv this proeeHS 


the care used to eliminuto the acid the inoiv n'iinhh' will Ih* tlu' prtniurl. 

The products of all of the above proetBMss an well ub of many 
other quick processes, vary iu some degree' ol (juulil) oi fitnu of the 

white-lead atoms from, that of the Uld Uuleli I UJce.Hh. Ihc latter 

can be said to rank as the staudard for purity, ruu'jie.HS, and nil other 
qualities which are iiidifforeiiUy imitateil iu nuwl t>f tlu' quiek-protH'fw 
products, the Carter being probably the best uf them. 



Fio. 13.-~"Thn Carter prooow for manvifnrluriag whltr fewl. 


Many of the qtiick-proeesa lenda eon tain nrelle «itd rfirl«»iile. 
acids; the former, being added in exei'W «jf the nmoititf riereniinry 
for a natural rate of corrosion by the ol«l methfaiK, retniiliw iii fit*’ 
corroded product and requires a nit>re thorfuigh uwliiiii to reioove 
it than it customarily receivea. Tlie add element 1?^ oflrii ?«trong 
enough to redden litmiiB“pa|K'r, whidt wtutld Ih* tli^euverrd if I hr 
dry white-lead powder could he ohtniiu*d to mnke the test. The 
acid causes loss of opacity and rapitl chalking. T!«* e«»rn»i«n of I lie 

lend i.ci sinndv I’nmnvorl ffrnri tTin f«nrrnil5fuf lit** OisSnt wiiif- 



t)f llu' cofit iim. At't'tic sukI uucorroilcil h’nil, l(*fl 1)\’ iiiipt'rfcc'fc 
\\uh1um^ {uul iiit* frccjUditly [ii'cHi'iil in ('(lumicrcMu] ^vl^^(,c 

k'UtlM. 'I'cMi per ('('lit <tf li'iul iicctHtt’ Lm (iftdi fouiul in tin* “llnkc" 
wiiitcs. ’ .Mttst til (hr t(uifk-prm’i',ss tir iinpurt' IrmlH couk' to Uio 
innrkrt in Honir form of “whilrs’’ with u uiiHlt'atling t nnlr-murk. 

'riu- report tif tln« ( 'tinuiiii trr of I-AprrlM appoinlri! by (hr I'kij^lish 
Home Serrrtnry to invrHiii'ntr the nmmifactiirr of Iratl protluclH, as 
to th(' fli.tratirr and tpmlily of (hr prodnct, nlsti tlmir rffert upon tlu' 
hrallh of (hr Workmen, wnn-, Thni they viaiieil forty-nix cHtabliHli- 
meiitn ONitiK varitatH pr«ieenH-H for mnnufarturiiiR whiledt'ad piRnidita, 
all of whifh were thuinerons to the henllli of pernotin mo eniploved, 
iunl wiiile Monie tif the Mub^tiitite leadn were elieajier to make, and 
posnibly a little le«H iiijtiriottn ti» tin* workmen, their jirndiictH wen* 
far front eipt, ailing in ipuilily tlmMe from the “(Hil I hitch Proeess,” 
anil they eouM not reeommeml either flu* proeeNMeH or produetH aa 
URainHl thi*'’t)ld Ihiteli l*r»>e«MH*' lentlM. 

Hurylit white 1m ptepnred from the native nnlphatt* of barium, or 
fr«»m the cnriMmnte of baryta, artilieially treated with aulphurir. 
nelil. (Sd* IhiryleH. Inert PiRment.H, Chapter W ill.) 

KremV, XotiiuRham, aiul Newcanile uldten are jnire white lenda 
dilTerinK only In the proeeHM by uhieli they are made. Ilamburg, 
Holland, and nmiiy foreiim»ninde whiten contain from d (o tU) p{*r 
cent of barvtert and elinlk, and an* adtdleratdl compoundH of white 
k*nd. N'etdce while getiernilv coii^iwlM of eijunl patia of white lead 
and bnrvteH. All pidleM and mixed painin ela>,**ilied and innrketiHl 
iiH “whiiofC* are tnoiallv onlv lultdleralionM of while lead, and no 
reMponnible and honcMt corriMlerH of while lead ever MO denominate 
(heir pri«!nefH, 'Fhe name ’"while,’* whnti-ver itn trade* prefix, 
ahoitld U'oudh l«* virwe«l with HUMpicioii of ila untdity. (Si'e U*HtM of 
white lend on the folluw iiiR piiiceM.) 

Aluint Hti.lMMt toje4 of ineiallie lend an* iinnnally corrodeil in 
\vhit«* lead, in tin* I'nitiil Slat«‘M. by the vnrioiiH prtu’i'W'M, or ulxait 
nridtldni of the loiid prothirfion of the ini’tid |«r»Hhirt. 

are tweiitv-two nminifiietnrerw ndjig the "(dd Hutch 
Hn»cew'* in the t‘ni!i*«l States, and five nwinu the 'H|yirk Prcw’i***-?!.” 

The fir^t white lend rorr««h‘«l in the rnile«l Stitti*?! Wiia Itv Siimtu*! 


afterward. 


Ekclrali/ltr Whilt' Lntil* 

This process is a radical dt'parlun* fnuu nil »*f the jither prurcwt-H 
for producing white lead, in not eiiijilnyiiig nc*rlir nri«l. hut hy nriiuK 
upon tlie load in the fonti of [ngs with tdlrir {u-al. ulut-h h* I'rnrtaiin! 
by electricity. Tlu* procesH consists of four cnnHfi'uii\r 

First, The electrical preparation (*f nitric iirid nn«t hy- 

droxitle. 

Second. The action of the nitric acid on the iiict.nllir Irnd funn- 
ing lead nitrate, PbCNOjlg f Ilg. 

Third. The reaetit)n of lead nitrate ntid wwliutn hydrate to form 
lead hydroxide, viz.: rh(N()j)g ! ‘iXatdl •“ PhCt dll-i » 

Fourth. Tile combination of tin* lead liydrt»xide ntitf w»diii 5 u lnrar« 
boiiate to fomi lead carbonate, I’liCtdllji HXntlh > Xa^dl > l!,n, 

Ilcaotions 2 and 3 may not take place strict Iv n;< wld«'h 

are the theoretical eombinaliotw, hut npjsruxnnjae rmrijoiw 

are had, for the extra hydrogen prenenl m lilMTaled at lia- rlrcti.Hh’, 

The chemical operatlonH in tlu* pnw«*«H an* hriell\ : 

First, a solution of nitmte of wnlima CX'aXthl di*eoni|«,«n| 
by an electric current fnan a tlynatno. the strength of thu wdutiun 
not being important->l(P Ihuunr* i»r one jn.nnd jwr K^dlon miiiirra. 
This solution is put in a aerkw of wckkIhi ceih* divided into ttt,. rum- 
partmenta by porous partitioiw. At tht' j«*?*it!ve rlcrirudc In fimtr'nrd 
^ pis lead, at the tiegative a fdiwt of co|»jHT. tUi Mpjdvmif tlie 
current the nitrate of aodtiun la dc*<:aijnjMwi*«l {irr«*r»liii|.t t** c»| 5 ifi' 
tion 1 given, nitric acid collectiiiic at the |«r4!ivr rlrriiodi- find 
sodium hydroxide at the negative. The nitric urid «f .mre i,iiiirk« 
the lead and fontiH lead nitrate, which dimulvr» tr^jiiniiurj 'i| 
the hydrate of Hodimn, pnwludng m, ||„, „| 

negative polo. 

Idnally, botli solutioriH an* separately drawn ufl jsnd lui^rd. n.n 
desired, in quantitative proiKsrtionn In any Kiiiinhlr \ t-yim-l Tin- 
as shown in equation 3. givw the lewd hydruddu a,. » «h,fe’ 
amorphous precipitate and lcavt« the iiiimle of in 


Hiuiill, uti'l u lit t Ic nildit ioiml Ircnh wiilhun hytlnitc rcsUm's Uh ntn'iigUi. 

d'lu' Icail-hyilniU* prcfMjtitntt’ (PhttHlSg) in then (lllcrcil from iho 
Htitliuni hytlniU' by a ruinry Hi-jinmlor, uiitl tlu* uilrulc of Hodium 
n'tiu'uod I*' IIh* tirly;iiinl ri'>t'rvoir. 

'I'lu' fourth Hti'p in in Muut* (Ik* lutwi Intc'rcsiinfi; of all, 

and <*onHists in uddiiiK ttt tlu' Icutl liyilroxiilt* a HfdulioU of hiaar- 
lionatr’ nf .Ktuln (nr tlir normal aarhonatc). Ufuction -I at once takcH 
jilai’o. It will hr nniirrtl that tlu* H>dium hydroxide is the prothu’t 
in Hulutinii, and lead rnrhoimtr the prrrijiitatr. 

d’he Malinin hytln»\ide reinov«« mc»Ht of the impurities, if there 
are any, in the hydrate t»f lead. It tliwolves any Halts of alumina 
or j'.ine present, and it renn>vef'i theorKanie matter, 'rhe-se impuritii's 
appear in tlu* Holulion. leavings tin* preeipitated lead remarkahly line 
and white. 'I'lu* hvdroxiile of atnlium Im again (*onv(>rted into hi- 
eariionale hy pa>Hing enrlMUiie aeitl into it. and thin in used again. 
''riitiH tlu’ main agents in each of tlu* two principal atejw, the nitrate 
of Hodiuin and the hic’urhonuti* of aodiuni, are made to (hi duly over 
and o\»’r again with lint slight additions to n*Htore the Htn'ngth. 

d‘hi* use of free idlrie arid in the pna’i^HS in ohjiu'tionahle, an utuh'r 
the inlhienee of eleeirieiiy it hreiika Up with intolernhle funu's; also 
for other reasoie*. ,\reiie arid ih alw» ohjeetioniihle for tlu* aaine 
reaMtiiN, henei* tiie reeotime to aoditim or polaHsiuin nitrates for the 
rear f ions. 

dlu ‘ eof‘.t of wldte lend hv thin prtH’i‘i« in hul a ffiietion of that 
hy the "i dd iHifeh I'roresH," jw» the h*nd In tiH(*d ns it eonu‘s from the 
smell ing-furnnee in pigs and reipnres no remelting or easting into 
lniekle?5 or fshreils, Its in the rorr»»»ioii proeewes, and the wludt* proei'SH 
tM I’ompiete in n dity.or.for that mailer, in an hour, as all of the rt*» 
netioiis tiske plaee rapidly, if not inHtimtaiu'ouwly, no friH* aehls are 
U«*tl. and the soilium (’omj«nind.H are reeovered. as noi«*d. 

'hhe lexfuri* of the lead pOMltie! in almost mo}c*eular in fineness 
and (hu-s no! rispiire Krindini?, it heiiiR m fine ihitl it ri'inniiw huh- 
iH'tuh**! in the wafer for n long time, and in order to filler it a sptH'ial 
hritnd of eloth is used, mi ltlter-pnjM*r would wnreely n*lHtu it. 

ItH niverinK |Miwer iipp!ie<l side hy side witii the Ihiteh Proe(« 
lend npjHmr>i to la’ispial to il, |«»»i*}h}y a lillle Iw'tter, hut never found 


!*« liinr Im Jis'lrnnjfir I'lir' l-mirli 
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IHAITKU \ 1 , 

wtiAT «‘fi>;»Trrt"Tt:.-4 w'lirri. 


iiml l*liillijw*?4 jiuiily'^rs drirniiMWil lisa! ilirri' fir«» tiiriv 
Viirirlir;* «»f ttlillr Ivml in l!i«' r'i{|.»»rw t4 tliJil |tr«sil!r'l r\in>tUim'iil*’4 

with imdft' tin* il*’***’’*'®*^ firt'iiiiilii «tf ihf' iiv*irnlr4 Ij, vj/..; 




A iriisl finiiiisii »*\i4r' *4 Ifn^ 

|»iiir»l %%illi WfiliT ■wiilrr |li\«lriilr «4 irmi, liHjn ;‘.i i,» 

4’J ftiT mil, %%'ilirll ill its rifi’rt l!ir Vr’liirh'* l.a .Mllilliir li» rrii Irini , 11 

«!t'»si»rlw t»x,y|?rll flint iHiftirMs ill** l»y rit!i%-'rf l«i|| is |*nrl «»f iltr 

ml i»st«* » tliwt liiW n»» r*ivrriii|,' js‘(»»*-=r . llsf 7fi 

|i» tiS j^’r rrfil !«’ mislr «4 li'n*! rs4ml»iiir«l wiili I'urlwifiit’ 

(r»rlM«iiimsiri»i Irinll, lliiti fj-iilk' iii|siriM4 lli!’ i»il in fti*’ |»isisil, Isiii p}\-rn 
nil III lli«' i'»»v«'ri«|j' |»p»|w*riir.fi llnil Ihr |♦j|^lll I'lwi 

tif is fin*'* ihis |**'r «4 r.{»rl«»nir ?irijl Ira*!, 

A jijsiisl n»n»|»«tw«l *4 Irii4 wtl!. its n fjlmrl litiif, 

rlrfilk m* frrt'h" iw » ttlhlrwanh Ihr r<trl«*ni«'''>flri4 lr.'.(n| |*8V«”> IIh’ 
«»r r«4«»r, ilir WJlIrr Irflif, flir i»nr4fir»,!^ »ir Im tlir 
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In I’rof. llursl'.H uiialyHt'H tif ftmr HuiuplcH of “Old Duich Proceaa” 
whitf !<'nd, lilt' curljininlt' rnnucd from liodir) to 72.15 ju'r (U'Ht, the 
hydnito from 25.19 to lUt.l 1 prr fi'iil, and the moisture 0.42 per cent 
to nil. 

Mr. t 'ouver.Hc'.H annlyscH of five .HutiipleH of tlu* best brtuulH of 
Atiu't'ienii “Old Ihileh I'roee.sH*’ h'ud.H jrnve 
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A Vi-ry hard white lead that euutaitw tm water leatl will not harden 
when spread, latl brnnh off liki’ a lime whitewash. When thin (aanira 
where the nereseary lUJiounl of oil Imn been n.He«l, the paint{*r enn l)e 
((uile Httre that the lend i>» ii p«H*rly eurrosleil or (ptiek-itriu’tw lend, or 
a synthetieally formed lend from an aeid-sohition priteesH. t’nrbou- 
ate of lime («’hnlk, wldtiiiic), gypatim, am! other weeallcnl inert Htih- 
htnnees added to httelt a lead th» not ettrr«'f( thin ehnlkiji|c; th(*y only 
dinmulw it for thi’ lito** ladtig, ami inereaHe the teiideney of Hitch lead 
jiaiiits to turn yellow ami iensen thedr coverittg janver. 

All while lead on «*\termd eJijHwnreH in Habh* to chalk, la'CHimt* it 

«I9 I Et« i t i «.i: I 1 a« k i»Si l-’l tfl «1 ll I IIM it 


tnrer, or hnn taken nuollu'r portion of enrlHadc ncitl from tlu* atnuw- 
phen* at the e*ijM*mie «»f the water ktad, and formeti a stibcnrhotinte of 
h*nd (the clmlk produel. I’M bb ***' bns t<Hi Utile oil in It when sprciul, 
or hn« not Iween well uroimd in tl»e oil. Paints thus afTecletl, if brunhed 
c»ver with a eoating of while lend fjnnimi inih tin rjrrtm n! ml, will prove 
to !»e more diiralile n»s«l leiei alTeeted )»>' fill lire ehnlkiisg than the 
oriKlnnl eoittiug, or it iiew heavy coal from the same leatl. 

11ie formalkm «>f a lead w»ii|» In the ordinary process of ijnmling 
am! miviuic wiiiie»Ieii«l pawfers t»r pisiufs In n dispuletl {Miint by paint 
ehemml.H, llm the lead hv«lro\ide iiiid the limslelc aetd in linwHl- 
t»i!. if acetic ari*! is preHeiil in the while leiul, m'iII tmntninr timl form a 
lead-soap inixiure. The paint eoiilalidiig tills «t»ap, on eX|M»»urf* to 
tile w<nitlier, wHUi k»Hes il.f4 ltislr«» iifid ivlll eriimble or ehidk. 

dlie oreHenre «»C lend wmo in maiiv. If not the of whittMeiwl 



fuse character ui the paint, uiin J'-inc wimv ui u.u.mh ui im 

no such admixture is possiblt', for in^ llu^st* painiH the oil will not 
saponify owing to the al)S('nce of an aeitl.” 

Mulder’s and other exiH'nm('nt.s proveil that the elmlking of whitn 
lead was due solely to the absi'uee of water lead in (In* piguieut, 
the lead was badly adultoraled, in which luiae lliih idTert wiw liiivelly 
traceable to the adulterant used. 

In general, all the lutter-dayimKaw white hwls art* more iiudiniHl 
to chalk than the “Dutch rroeeHs'' leudH. 'rhi.H nriM-n inn .niaied 
before) from the smaller amount of water lead in fheir eomiMt.HjU.tu, 
and being of a crystalline iimtead of a glolmlar form. In llu* gnnduig 
process these crystals or grains an* broken down, and the euiubnnHl 
or formative water necessary for tlu'ir ('slnteiice in the form of er)>tnlH 
is dispersed, rendering tlie Imikeii lead ntonw more ^endltve to ihi* 
attack of the atmoapherie earhonic-arid elenu'iit, (hat linda in iluar 
sharp angular form a more favornUlt* aurfure to net n|M»n. t»nly a. 
comparatively sliglit action of tlie earbonir aeal on ihv freHldy erunhiil 
atoms of the Icmd is requir(*<l to elinng** it t»» the .**nlH'arlH»n»te, and 
leave it free to bo bnished off hy frirliou t»r \va#>hed out In nitmuH, 

Old white lead, or that whicli 1 ui.m laam gnaind in oil t«» it piwte for 
a year or more, chalks decidwlly letis than rerentlv rorrmitil load, 
by whatever process it is made. 'Du* atoms of the pigment in the enHo 
of old lead have luid tiuH' to ndease lheni«*!ve?< fron* the temdon due 
to their formation and grinding. AdiiltivathinM do not prevent rhe*ie 
inexorable ohcrnioal changes iu tin? lead pigment: tlu'v otdy iiierea.He 
the disintegrating action. 


If oxide of zinc is usetl to give hnnlmw in plju-e of the ivnler lead 
in paints exposed in open air, the ntnawplierie inoi^.tiirt* and rarhonie 
acid ohanges the oxide of zinc to a /.ine earlKmfste rZnn M 

whose volume is nearly double that t*f the oxidr* from wldeh \i wm 
formed in the hardened paint, and pending takeM phiee iuHirnd of 
chalking. The cheaper foniw «if zinc oxide eontfiin xine f^tdfdnte, 
which blackens the paint and otlierwlHe injim^fi the eon line 

baryte, or Hiliea are uiit*«j for the fidtdti’frttiofi, they 
lack both in covering ami ]igli(-«liH|K»mjng (rok.ririgl |«.wer. and, from 
tieir sharp, angtilar. nr irregular form w pigment atoms. ,lii not Unul 
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if iIh'V tin lint iicliuiUy iiicrinisi' its tsiuli'iicy towunls that chango, as 
the .sharp, nmgh surfuta* of tlu> paint cimtaiiiing thc'.so u(luli('run1,.s 
hdlils tilt' atinit.splu'ric lunistiirt' aiul ga.scs clnscr anil longta* for tlu'ir 
action. [Si'i' 1 tncay of I’ninl ami liu'rt rignu'iits, t’haplcr XXVll.) 

White Icail uiiiti'.s thoronghly with llu* oil. Zinc while coinhuu's, 
bill very .slow ly : Imryle.s tlotv not coinbiiK' at all. All pignu'nls Ihut 
I'onlain crystals or are granular art' tlelicieiit in the lighl-ilLspt'i'sing 
powi'i', evi'ii if iht'V havt' tht' .spreailing tpiality. 'I'lit' grunulur t'liar- 
acli'r of tpiiclv'proet'.H.s white h'utl Is it.s great weakness. 


Fin. M FfTremof »ulphimiu« ««*«*»« tat whiif Icntl, 

ItW’fcgtMUMi'l i»< #it(r Wiliili*, ItftrlujriiiilMl Ml Ina.l. 

Hi HtiMri l*>i» I I pllfong III (tlllf lilU* 

'Hie ipialitv of the vehicle has iiiurli to «io with chalking ami the 
tlecny of white Imtl, A kooiI hnstH‘«boil will belter prt'serve a poor, 
or an ailultentte*! white leinl, than a poor oil ct*ul«l the la's! of white 
len«l. 

I’tire white kwl i» soluble in ililute nitric aciil, A saiuple trenttal 
with this ri'iiKeui shoiili} pass entirely into solulhns. leaving no reshlue. 




color VVOIOXIUU iiA i-iiv .. 

in the volume of the leml-atoins at (wli f^lcp in tlu-ir pmuros I'miu a 
carbonate to a sulpluite tliat ensun's a forcoil (li.siiiitairalinu nf the 
coatings. (See Decay of Daint., (Iiapter X.Wll.) 

Tlie cause of white-lead paint, when spivuil nver darki-r cuIuin.. 
deteriorating after a short period and showing dark, i- n>»i almn- 
owing to the changes uuaitioiu'd al)oV(n but also that ilie tali\ ui'hIn 
in the oil gradually ('xp('l the carbonic acid in the lo.ad atmn'- ami Imhk 
a clear lead soap, through whi(d> tlu' darkiw colors betn-nth show. 

Advllmtlinn of While Lnnl, 

The adulteration of whip' lead under tlie forntH of n paste or 
mixed paint has reached a point wlnwe tlie multitudinous trade- 
marks under wliich they are nuirkc'lt'd art‘ /««////•</»/ of no vidiie 
to detenuine tlieir tpiality; tlu' only safety lies in purelmsing from 
responsible business firms of national reputation for the Htnndiirtl 
quality of their products uutl business methtuls. 

A late oxaiuiiiatioii of comiuereial white^lend pastes piirehusetl 
in the open nuirkt't n'sultt'd as follows; 

Seventy-five different whilc^-lead ptisti's, uuihT 'JH differetil trade'- 
marks and symbols, embellislu'd with 14 tptHlifying adjertivew, and 
made by 17 different mniiufacturers, plus I unknoun iirm llml 
furnished 14 difff'n'iib brands, wt'ro untily/.tHl by Iti ililTerent nnalyf4.*n 
The condensed nwidts art', viz.: 

Sixteen had no whiU^ lead in their enmposit km, but wore tnixturea 
of barytes, silica, gypsum, zinc oxide, or whiting in wnm- pro|Kirtinn 
of three or more of these Hubstances, 

Fifty-nine of the samplcH had white letul from 1.24 per rent to 
47.G2 per cent, and averaged for all 23.35 per cent of haul. 

Seventy of the Barnplos had btirytes from jaw rent to Wl,37 
per cent, and averagetl for all 411.01 per (-{‘nt. Otie or more of ilir 
above adulterants wtis used wit) i white* lead of unrerlaiii ijunlity for 
the balaiuic of the ptistm 

In 5 of the samples silica riplaetHl the bnrytw, (»therwi}« the 
usual group was unbroken. 

Se.ve.nt,v..5vf> of t.lm HitmtiUta It 




|nin* wliitf proihu't. 

'I'hirly Us«' “f lls*' luul KulpiunU* «if xinr in tho paHto from 

K l.-Sfi to I«*»' rrul. iivorngitiK for ail 22. IM) pn' (’cut. 

Mvc .Maiuplcn hnd clinlk from 2 l..’IU i(» P.So jM*r cent , iivuruging; for 
nil ‘JJin |«’r cent. 

Wlicrcvcr ciuiM»nntc or nulpliiito of litiH’ wnn uhciI it Wii.s at llu* 
expeu***’ of the uliitc Iciul, 

'riic ndultcrntion of nl! of the Itriunis, other than tlu' H> that liiul 
no white lenil. nin|,ce(l from IHI to 11 jMT rent, niul averaged for tho 
511 pnHt»‘H set. I |H‘r ceut. 

In 5 of the «nt»ple» (»xi«le of zilte was inenlitsued coUHtitnling 
a nmall part of tin* purple. I»nl intthing wiw nnid aUoui the lit) to dO 
jw*r rent of hjiryles jjj ihesr rom|«mifion, or of a like anunmt of tho 
otin’r ndnlternnt-w. «»r the itmuunl of tthile lend. 

One wimple hail ii notin’ ihni SHMM) would Ik« paid if the white 
lend in it wn» not pure. It had m* wliite lend in it. 

One wimple l•fTered $HM). Wime eondillolW m It WHS of 

the name eluiriiefer. while !«'ad in it. 

( )ne f^HinpIe iuid a S’M 1 w'lHillv for any indtiitioii of ihc’ lend ill it, 
or of the lalMd o« llse parkngr. It had hU jter rent (»f ndiilterniits. 
I’oMhjtdv a piere of the tuight have fallen into the piwte Indore 

finidyf»i« of }i . 

rrolmlilv ihr ali«»ve inhilirraiioii rerord repreiienlii the liirger nnm- 
Ik*!' «*f roliiinerriii! W'liil*' irad and ltn!»*d*ro|or pfiiiiln in the nuirket. 
ldiforiut»?it*di", isio.nt Ilf ilu'iii gr! off, and gesai’riilly lit the 

prire of r»’jdlv pmiiis; hiil iiiatiy |«*ople are willing to 

Im* Immlainiied l<* a few e«’iilB Mil 31 j»oi of pniitl tliat it may Ihj 
ii mislake to *mli|difi*n lliem on iIp' siihjn’l. W liiil the rhiitarti’T mid 
(pifitily of the oils »rr ilw! form un i'i»Hriiiia| part of all these fidiil- 
teraled and mi-4ra«!iii|?,!v Uitmrd r«i!is|»i»»ijids. one run reiidily iimigiiio, 
Hlirriv tlirV are njiaiillli derrplivi* liud tmelliiltle. 

Mai?.** oil i’» If-mineiilly !»♦ the aiiMiiiiii of 2»» |H*r r<*iil in tho 

grindliiM of piiiiii |»ii.s!s*» nitil |»i!iii!j'i i*» prevnit llieiii from fteflhiig 
In the iMickai'e- It i''9 ii ni*ii“f*irriilivr nil. iiiid uliilr exerltlip any 
niiiteri!illv had iiilhii'Jni* in ii |i!itn!, its iim* wilts liii.ftee«l-oil in any 
iiijiinlll%' rjiit onH' Im*' iw un inlisltf’riiist. It**i mi^t in iiliout 


Ijcirytcs^ but) ziuo oxitu^ covt'v*^ fuY/rr,' l)ur\l('S luui iiu* 

zinc is cloficiont in. Sonu' nmsU'r pniiilt'i's atlvtu-nlf (he use nf Imryh-.H 
for the reason that, it l)riKdil('iis dark ct.lnrs and savrs oil; )ml i^aoiv 
the fact of its darkeniiifi; li^ht colors, also its tciidcucy to yollou (luau 
from the suliduir ('h'ltu'id. in Us comiiosition and its jmnornl di-hi’ifnfy 
in covining power. Tlu' advantages in smy e.nsi* do iu*t s\arrnn! the 
use of from 50 to SO per cent, of this or any other sulKtunee uliirh doc.', 
not imite with the oil, and of themselves an- nntif for n p.’iini. A', a 
rule, no responsihle paint, firms will olTer such p.ninf'. under their own 
names. 

Zinc oxidt'. is often inix('d with whiti' letid hir other than adultera- 
tion pnri)ost'S. .It is added to correct (he tendene> of pnic uliile 
load to turn .yellow from the ticfioii of .sulphuroie, fume-, m the at 
mosplun'e. .It malaw tlu' ptdnt Inirder, tnal po^siltl^ pieu-nt , *'rh.dl> 
ing” to soiiK^ ('xU'id., as th(*re is not so much leml to eh.'dk. Ihji add - a 
teiuh'ucy to peel on outsidt' t‘Xj)osiires a resttli wora- than rhiillanr,. 
It is diflic.ult to gt't a homogeiti'otis Mending of the two picsumi . <» 
individually unlike. ii\ charticter, nwing to their diiTerent pj ore', c'. 
of formation. Their nu'elmniefd usMieitttion \s far unlike ihat oS a 
neutral wholt!, ('Veil with the best of supervising care in Idenduu* iheiu, 

Many of the dhlitmlties in iniMnre.s of white h'.’td and .unr o\(de 
are overttome by tlu- nse of a nainrtti admislnre of the lead and /inc 
ill the form of ti ])igineut known tm .suhlimed lend oj wlniv paint, 
hereafter deseribed. 


Whilv Lvml I'H. Zint' 

Mr. (I. 11. .llemk'rson, of the Xorfolk and We-Uern Ilaihojid. 
reports a series of e.xposnre (e.sis to deiennine the ellu-ien.-i ..i lead 
and ydne ptiiiits, hot* tlu* dilTereiit tnali'rials he lenrlu's the t« 4 lo 4 iniif 
results : 

“7'm. The best rt'sulls wi'Vt' ol)tnitunl with the limt roj,i »4 whtfe 
lead and second coat of white Ktuc, 'Ihe second r«>atni|' .4 /m,- |-,ve 
generally the lu'sL rt'Hulls, ami tlu* secttml couting of lend ihe 

“ Galvanized Iron, I’lic Miuiie renmrkM apply t«i iialvnfd/.ed 
that are given for tin. 

*‘Shcct Iron. The mixturt' of om-third wldte /tne nml iw.cihirdH 



inndt’r wliflluT tin* wrrc whiti* lend or 'white j'.iuc. or 

luixetl Ic'jul Hiul /.iuc. ’The Irnd Nrcniud nluiwcil Up tlu> worst on 

thi.H ututi'i'iul. Itui in cuch rusi* where the M'coud coat was of zinc, 
lotully or partially, the paint wafi in a perfeii etmdition. 

“ Whitt {*int . The remnrkr-s nmde rehiiisiK to poplar apply to while 
pine nlM>. 

'■ Ytiltiii' pill* . Thi*' mnleiiul .HeeniM to !«< diflieult to properly trcait 
with pnint”: the Iw^l jeMdl^ were ohiained with tin* first eoal of lend, 
nttil lhe >eeond font of lead and /.ine tni\('«l. When* tin* first ctuil vviia 
of leml and /ine nii\i<d, or entire!) ««t /ine, the results wen* poor 
lliroU|,diout . whn h Heene* !o mdieaie that nn n getiend thing the lend 
is jwlter for priiniijf' on this iniiterinl. 

” ( ‘tiHiitinistit. The lead pi jnsiuji; and miv eonling is generally good 
for tin. gaivnui/.ed iron, poptur. and while pine, SlnnU iron Hhowtnl 
up Ih**u with hoih eon!.** of mixed paints. \'eUow pine apj»enred heat 
with the Sn*U eoiis of lend and ihr Mreota! roal of k*iul and /.ine tnixetl. 
Comparing iS«e nnilej mis wldrh were painied, we fnnl that geiiendly 
poplar relnise^ the patiif ihnn wliifr pine, nml woitld, therefore, 

1h* preferred for niding on huildings, eir. bellow pitu* neelim In lie 
the w«irsf of nil for lliis purpone. lllnrk iron, sm a whole, st*eiuH to 
retain the pninl iM'lirr llian nilier tin or gidviini/e**! ircm.’* 

jttr ir/iilr t.ttlii. 

There are iimnv tests for the purify of white lend, n nimple tine 
Iwing to put n gh'hsde of il!*‘ psisie of df) ftowiler in a rnviiy ftwineil 
in n pieee of rlnirronh and exiwise i! lo the heal <»f a eoinmon hloW” 
pipi', reiidilv r\lriiipori/e>l m am shop, II r\ei« its |mt rent i»f inhil- 
teraiils are pn-^irnf ii will tioi !»*- |Mtf^sil*|e to melt she ittiiss. 

While lead P trsird for hnrvlrs !»\ dilute mSlir arid, ill wllieh 
hlirvte-s in ilinohilili’, ttiiile ihr white Jeinl pjisses eompIrSelv into the 
Mdnsion, Wliifmg and rlmlk are drierliii Iw the nsirnie wdutioil 
vieldtUK n while preeiplliile ttilh o\aIi»' »»r Mslplillrie arsd tir OXfilute 
of aumionia, idler having lirHird with i^iilphiirrldi I hydrt»grst or 

tl hvdr«»*a»lj«htst’rl !»» throw down llir lead. 

Whiti- Irriil «lhw«*!v wjll'i eilerxesti’iire in hot liydn«‘lilt»rte aeid » 



Substance. 

Conduct towards 

Heated before the 

Muriatic Acid. 

Caustic Soda. 

Blowpipe. 

Whiting or chalk 
in any form. 

Soluble with 
effervescence. 

Unchanged. 

Becomes incan- 
descent and turns 
tumeric brown 
after cooling. 

Commercial white 
leads. Pearl and 
other whites. Car- 
bonate of lead, etc., 
quick-process leads. 

Soluble with 
effervescence and 
deposition of 
small crystals. 

Soluble with- 
out residue, or if 
of poor quality, 
80 per cent will 
only be dissolved. 

Coating formed 
on the charcoal 
is citron-y e 1 1 o W 
while hot, sulphur- 
yellow when cold; 
IS easily fused with 
metallic beads. 

Pattison’s white 
lead. Lead oxy- 
chloride. 

Same as above. 

Same as above. 

Same as above. 

Zinc white or 
oxide. 

Soluble, no ef- 
fervescence. 

Soluble with- 
out residue. 

Yellow while 
hot, white when 
cold. 

Antimony white. 
Antimonious- acid 
pigments. 

Same as above. 

Same as above. 

White, easily 
volatilized, me- 

tallic globules 
which give off 
white smoke. 

Bone-ash, Bone- 
black. Phosphate of 
calcium, Ca^(P04)2. 
(Basic steel furnace 
slag.) 

Soluble after 
heating. Effer- 
vescent at first. 

Unchanged. 

Unchanged, but 
becomes incandes- 
cent. 

Barytes, Blanc- 
Fixe, mineral white, 
and other pigments 
of the native sul- 
phate of barium. 

Unchanged. 

Unchanged. 

After ignition, 
if moistened with 
muriatic acid, 
gives off sulphur- 
etted hydrogen 
vapor. 

Gypsum (Hy- 
drated sulphate of 
calcium). 

Unchanged. 

! 

Unchanged. 

Incand e s c e n t, 
like barytes. If 

heated in a tube, 
gives water vapors, 
etc. 


Unchanged. 


Unchanged. 


Incandescent, 
same as barytes 
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lead, and the mass is allowed to stand a few hours, the temperature of 
the mass becomes so high that the oil is carbonized and colors the mass 
dark or even black. All white-lead paste is liable to turn brown if 
exposed freely to the air, hence should be kept closely covered, or 
water be kept on the paste when the package is opened. 

Gmelin states ‘‘That the ‘Old Dutch Process ’ white lead diffused 
through water, under the microscope appears as non-crystalline, 
round, and oval globules, .0001 and rarely .0003 or .0004 of an inch in 
diameter, while in the quick-process leads the globules are distinc- 
tively larger and more transparent and crystalline.” 

Dry white lead is tested by heating 100 grains red hot and stirring it 
for a moment. Its loss in weight by driving off the carbonic acid should 
be from 13 to 16 grains. If more or less loss is incurred, the lead is 
probably adulterated, and should be submitted to further test to deter- 
mine the character of the adulterant, as shown in the table opposite. 

Sublimed Lead, PhSO^. Specific Gravity, 6.258. 

Sublimed lead is a by-product obtained in the smelting of non- 
argentiferous lead ores. It is known in the trade as Joplin lead, from 
its place of manufacture, Joplin, Mo.; also as Picher lead, from the 
name of the manufacturing company. It is made in two colors — 
white, suitable for all purposes that the hydrated carbonate of lead 
is used for; and blue, which is a preferable color when used as a paint 
for iron. Both colors are used in the manufacture of india-rubber 
articles. The chemical composition of sublimed lead is sulphate and 
anhydrous oxide of lead, both amorphous; the good qualities of the 
white are also present in the blue-colored product. There is a small 
percentage of zinc in the Missouri lead ores, which in the process of 
smelting is converted into zinc oxide and is found in the sublimed-lead 
product, as may be seen in the analyses of a sample of the white 
product given on page 84. 

The blue pigment owes its color to the lead sulphide and car- 
bonaceous matter from the bituminous coal used as a fuel in the 
smelting-furnace. 

Sublimed lead is prepared in special furnaces, the process being 
patented and known as the “Lewis and Bartlett Bag Process for 







paint shows decay, tlu' {•oaliiig can l«‘ wnu«*ui rrumviug 

the old paint. Kither tlu* wiiilo or hhu- products id I, ‘ml 

will take a tint more imifoniily than h {m»wU» 1 i‘ \^i?h nov mixtun-s 
of white lead and zinc oxide ineorporatiMl by tin* gs 10111111; pme- 

esses. 



Fig. 16 .~“SiihUrru'd lead. 


Ffo. Id. dhm* eomilril wltll** I* 


The cuts are reproductions frotu a pholo{*frnph id it |•u■ks•l Icurr. 
each alternate picket Itelug painted with the diflVirot IrHsIn »! tlu- 
same time and by thcs same paiuU^r, usinic the «»»««• “d ju* 11 iliinnrr 
for the pastes, and the same driers, n st'imrate hni- 4 i U-iirg !i«»’d %\lilt 
each paint. Three coats of eueh paint \vt*re applir-d. earlj kdoi? 
allowed to dry thoroughly hard Imfore the next eimiijnc «!*rr«.|, 
After an exposure of three years and one tm.otii ih,. 
were taken. The cute are rnagnifiisl ten tinier. elieminil n-nr- 
tion between the corroded white leml and tin* oil f.inosisg a !,.«.! ..r 
paint soap is clearly apparent. 'Hie shririkiige .d iltr mmp 

has caused the coating to crack. Moistim* hm etiferi.ii and hiiir^riied 
the bond of the paint to the covertnl surfaee, wli 
acter of the lead soap liaa CfEused the whole eoiit 



tne moisture, ana tnc iiaiiit is sun unniy uoiuu'ti lo uu' wtum; uie 
streaking being due to the running down oC (he road dust, when ^^■e( ted 
by storms, no crazing being n()ti(!ea])]('. 

Fig. 17, sublimed lead, and Fig. IS, jams corroded wldte le.’id, are 
two-coat applications of tlui r('sp(>c.(ive jiaints oti a well-.seastitied 
board after an exposure to (he atmosi>here for thri'i' years. 



(irAPTKR VII. 


ZINC! OXIDF. (ZnO) AND OTIIFIl ZINC PAINTS, 

Mflaltio kIiu* HiK'i'lfici fjravit.y, caHt; 7. M to 7.20 rollnd 437.5 
pouutlM JMT cutiic fitnl ; tHtinltiniii}? wcifflit, 05.1; tcitMllc' atrcuf^th, 5(100 to (UK)0 
potiiulH per Htiunn* itji'h; I'li'ctncnl c’tnulut’tivil.y, 20, lb moltM at 780® l'\ and 
iH'giiw Ui volaUUj’.t' in tho open air at 800“ to H25® F. 

ZlNt' iH ('li'tdro-ptisitivt' (o ('oppor mid iron, ^Yhpth('r in sohition or 
in nmliuM. In (’ontnot wilh iron orHlccl il. foriuH a gulvanlc. jiilo mul 
(IccntiiiinHi'H wiili llu' cviihilion of hydrogon. It. in nsial in thin form 
1-0 protiM’t stoiimdioilcrH fnmi corrosion. I'iiich poniul of zinc dc'coni- 
jioMcil evolves o, (ill IS culiie iiieheH of liydi’n^i'ii that Weigh 210.25) 
grains and develop an eleedrlenl or tleeonipo.-iing (Oiergy of 1.172 
horse-power whc'n nse«l in a .Hulphuric-acitl hallery or l.OO hoixc- 
power in a Hunseii or tir«>vi’ hntlery. 

'I1ds c‘leelrieul msergy, whilenol so.HtronKas in (he o\ide()r salts of 
zine in a hattery form, is ntill present, ami is recognized I ly pain tern 
as *' iiuurnutii hi thr pn'iit," which is very marked wilh zinc pig- 
ment ^4 SlH will he hereafter explained. 

Mallet I ’h experimeiitH tleteriuinetl that <’opper and zinc jdatf'S in 
contact wilh irmi inrreaMisl the *'urro?»i(in ttf the iron (10 per cent. 
Copper alone in couinct with lr»»n. 10 per cent. Klsiu'r fonml that 
the ovides of tin, zinc, and Iron ii‘i(*d together in a paint w't up gal- 
vanic mdion {•nough to crystallizt^ tlu' tin into Hakes, which could then, 

Ih' mhlnsl «»IT. 

Zinc is n.HSf«’lntinl with nt*»rly nil of the otlnw nudnls ns a inimTal 
cin\ It i-H r»»a«ted tn sjHTinl fnrtiace.H and hy procejw*^ Mlmilar to 
the ri*dnr»t i* ai iif ]l•tnl ein»H for )riu*titl or its f»vidf«- 


associated with it. 

Zinc forms but one oxide, ZuO, c()ini)()S('d of zinc SO.d’M per cent 
and oxygen 19,650 i)or cent; speetjU' ^'>A2. 

Zinc oxide is produced by two methods: Idrst, l>y (he oxidntiim 
of the metal (hhench process), whi(tli gives a more deii.^^e and InudfS 
pigment than that prepared by the second metiuul (lie stdi!imaii<m 
of zinc ore (American process). The ])n)duct from (he lii>i( proee-^?. A 
preferable for straight oxide-of-zinc. i)nint; the second is be((er for 
use in combination with other pigmeids. Ho(h variedes grind and 
mix better with ]K)ppy-s('('(l oil than with any o(her vehicle, atul man 
ganesc-borate dri(U’ shouhl be used in pn'ference (o leail driers, which 
are liable to blacken the paint on ('xposiire. 

In both imaa'sses the zinc is rt'diiced (o a vapor Ity (he furnace 
heat (about (Sr)()° Id), and is exposed to a cnrren( of air (hat eh.nnge-. it 
to a flake, filament, or net'dle form, according lo (In' cure e\t‘rei>ed in 
the process. vSomo of the. ])ar(,i(des of (lie nu'tnira' zinc tire ?ipt to be 
carried over in the va])or uncluutged, mixi'd with (la* jitoms of ciirbon 
from the reduction flre. ddiesi' carhon-a(oms lend to give n gray 
color to the ])roduci, while (hi' nn'lnllic-zinc ptirlicle.s are .subject (o 
an attack from tlu' carbonic aidd in (he atmosphere, forming the /ine 
carbonate (ZiiCOy); this lattm- change occurring in the pigment .after 
it is mixed into a paste or paint. 

The French brand of zinc oxide (Tai Vielle Montagm' ro.l U (he 
best in the world, probably, tlui' to the purity of the meiallie zinc, 
the care exercised in its riahudiun, and hy the use of poppy -^eed oil, 
with which the oxide is ground iinmediati'Iy after its formation. 

Most of the Ami'i’ican zinc ort' eonlain.s leatl, tin. antimony, hi- ■ 
muth, silver, etc., the oxidation of which in the reduction furnare 
produces white jHgnients, hut they are all Idnckeneil by snlphni<<us 
hydrogen, which aflects the. (|\mlity of the zinc jirodnc!. and aid- u! 
setting up the electrolytic action ihal. all zinc sub.-stnneeH are seii i- 
tivo to, as before stated, bulidmr is also present in many zinc ore-., 
and causes a yellow color in the oxide. 

Ilistori/ aj 7/nie Oxide. 


Tv. 1^01 




ii, (U(i noi cmiu' nuo gc'iu'nu uh(^ a/^uiiisi, wiuu* K'juu 

III 1S'14 Lccluir, a Froiiclmuin, nuuli' zinc oxulo and foimdod the 
Lii Vii'lli' MontuKiH' Zinc Co. Li'clair dlod in 1X72, llo mu'ived a 
gold iiu'dal from llu' Socud.y for tlu' Mucouragi'nu'ut of Uio Arts, and 
was d('corat('(l with llu' (iraiul ('ross of tlu* lA'gioii of Honor for having 
iinprovi'il llu' prat'tici' of paiiilnrs. 

Lt'i'lair tliHt/HiHid the fact of Uu^ use of y/nm oxide jus a iiigniont. 
Ills product was always sold ns white lead, a prcsaulent that inixc'd- 
paint tnanufaclureis of llu‘ presiMit day hdlow hut too well if the 
tumlysi's of eonunercial while liwls givtai in Chapter VI are any Indi- 
catiiin. 

'Fhe liccliiir proetw consists of volatiliy/uig the inetallic. yjne in a 
retort, tlu' vupoi*s as they issue from it heiug met ami mingled with a 
curri'id (tf hot air from a hlowi'r which completely oxidizes tlu'in. 
Tlu* resulting proihtcls of comhustion are led through a series of (lues 
and chamlu‘rs, when* the zinc oxide is deposit e’ll in the form of a 
floecul(*nt, im])alpnhlt* white powdt'r ready for use as a pigment. 

d’ht» Americau pmeess for the Huhlimalton of zincite ore into 
zinc oxiili* was inventetl hy Mr. Sannu'l T, Jones in 1X50, who con- 
st rui’led a furnace for eff(*cting this pui’iiosi*. This proetw was 
improved hy Col. Samuel Wetiierell for the puriKiso of working the 
frankliniti* on* from the *\i>w Jt'iwy dt'posils. 

Wetln'reir.s invention <>mhrncc‘d a spt'cial furnace and a process. 
'Flu* zinc oreH are mixed with pulvc'rizisl anthraeitt* coal, and eharged 
into a elosed furnuee having a pt'rforatinl grate, thniugh whieh an 
nir-hlast furnislu's the air m*e(wary for llu* comhuHlion of tlu* eoal 
and oxiilatiou of tin* zine. 'Flu* vapors fixmi tlu* funiaee are l(‘d 
through a numln*r of Jlue.H and ehamhem, when* tlu* eoamer partiek*H 
an* ilepositi'd. while tin* Fnu* airdlonled atoms of the zinc oxide )m.ss 
<in ami are etdleeti'tl in a iiumher of line inn.Hlin hags, tlmmgh whieh 
the eoinhnstion ga»eH filter away to t!u* atmn.Mphen*; tlu* latt(*r part 
of the proees.H heiug similar to tlu* Lewis ami Uurtlett hag process, 
used in the produriion of suhltimHi lent!, tU^crihtMl in Chapter VI. 
'Fhe frnnkliiiite and zincite t>re found near .Mt. Sterling, N. J., now 
furnish nuist of tlu* Atm*nrnn zinc oxide. 

Alwntt -M.IMK} toils were pnnluc(*il in the* 1‘nitiHl Statw in UKH), 


color and quality of zinc oxido. In Krnnc(' its ust> has nhnost. Hwpvr 
seded wliito load for interior housc'-puinlin^i:. Ilu' (h.venuuent. pro 
hibiting the use of white haul for this puri)os('. 

Zinc oxide made from the ore is list'd nun'i' t'Xtt'nsively than that 
made from the metal. The hilt.t'i’ not only dries hardi'r and is 
more brittle, but on large surfaet's tlu' difb'ivnee in tlu' whitetiess 
of the coatings is very apjmrent and in favor ol the mineral tivide. 
Zinc oxide' mixed with wab'i' U'lids to eollt'cl in lnmp> or nia.H.ses. 
It should bo thoroughly dry Ix'fon' lu'ing ground wiih tlie oil. It 
docs not unite so thoroughly with oil as lead or irtm pigments, 
nor dry as (pnckly. 

One-third of one per cent of lithargt', added to the liuM-edoil 
in which zinc oxide is ground, rendem tin* paint more ela.'hie aiul 
less liable to jieel. 

Mixtures of zinc oxidt', white h'ud, ami ground silfv bHrytt*.H 
in the i)ro])ortions of about oiu'-third ('ueh, prove \er\ durable in 
southern climates and st'aeoast ('xposurt's. The ^iles give^ body 
to the paint, but being trauspan'iit, detracts from it'" eoloriiig or 
covering power. There Is less while lead in the misfure to Naponify 
with the linseed-oil to form a It'ad soap that is ipiiekli uaxhed away 
by storms. The oil also dries out. and the while lead rendered 
liable to chalk. Such et)alings cost less than pure white lend, ai'e 
more bulky, and by a little extra labor on the pninter'N part mu be 
made, to cover more surface than white leml uud /iue <»vide, and 
tlu'y save oil. 

Zinc oxide 50 jier cent, whib' h'ad 25 jier eeiit, ninl Hlane I'ix** 
25 ])ere.ent, also stand Hontlu'rn and seaeoast exposures btuter tlmn 
white lead alone. When the abovu' mixtures are u^ed ou uoudj’ii 
structures the barytes and silica act as lillei's in the Tuni c*ont. and the 
percentage of either su1>stanee can be greab'r tlumin the other eoat--. 

Pure zinc oxide is a pure wliilt' pigment but little ulTert.-d bv 
siilpbur fumes, and does not yellow the oil with which it i^ ground 
or mixed. It is of itsc'lf a good drier, and is tised in tin* preparation 
of kettk'-boih'd oil. When it forms tlie prineipul pigment in n paint, 
other driers are detrimental, sis the etialing luis a (muh-nry Ui harden 
upou the surface only, and ri'inain viseiil below and pnd readilv. 



<'uus(' Ihcrt' is less h>iul in it. uuil Uu^ altnus of ('u<‘.h are Ix'.tler coated 
with tlic oil from the larger ([uaulity of it iu'c.('.,ssary with the /hue 
pigment. Mixed-zinc oxide aiul white-lead coatings are, iu general, 
more ilvirabhi than eitlu'r coating aloiu', proviiUnl both tlu^ ])igmcntH 
an' pnn'. As zinc oxitU^ costs mort^ tluin white k'ad, the adulteration 
<ir it is (|uit(' as general, and with the same substances. (See Chap- 
ter \‘l.J 

It deterioralw by long keeping and loses mneh of its covering 
power, which can bt‘ r(‘stored by heating tlu' ])igment. When freshly 
math’ or heatetl ami (*xpost'd to moist air, it chaug(*s, by absorbing 
<>arbonic aciil, into the (‘arbouate of zinc, (Znf'Oj,). Paintem say 
'■// k/wiVm,” and guard against this change* liy ckjsely covering or 
sealing it, or mixing it at oma* into a pasU* or paint, where the oil 
protects it, excejit those particl{*s tlnit lie Upon the surface. The 
cariioimte of zine .so formtal is crystalline, lone’s density, and hardena 
so that it cannot bi* pulverized or ground without ('Xln'inc effort. 

Irt this change Si parts of zinc oxide (Zn( )), composed of zinc 
SO. Ill I per cent, oxygtav lU.tirjtl per cent, specific gravity 5.42, corrts- 
Hpomling volmm* M.O. an* changed to ('{|ual 125 j)tiris of the carbon- 
ate of zinc (ZnC't)j,), compoH(*<l of zinc ,52.154 )){*r c('nt, oxygen 
:1S.27S per cent, carbon U.5(H) per ccid, specific gravity 4.44, volume 
2.S.I. 

1’hiH chetntcul clmng«', uttcndiHl by so large an incn'tise in 
volume (nearly doubleb if it lakes place after the oxide has been 
.Mprenil ns a paint, tin* whole coating will be kuwm’d. and tlu' kuise 
pnrti«4cs will be carrltnl away by stunns; thi* action being sittiilar 
to that whi<4i would occtir should tin* sand mixctl iu the mortar of 
a plasterisl wall, when sUiihI, change its volume tti the same dcgrcH*. 

Zinc oxide i*. llaTi’fore tmt a perumuent paint for tipc’U-air cx- 
pjwnn's. liui ft»r interior use is permanent ; for ihtmgli earbtmic acid 
is pr«*Hc*ut, llie moistun* is idwent, InUh elenu'ulH being twsenUal 
for the change t<t a ciirln»nnte. Dry. giwcHUW carlM»nic iieid dow not 
alTjs’t dry zinc oxide*. It is uiixihI with white It'ud for inlt*nnr use 
to k*HH(.n the tendeney »tf the white lead to darken by alkHorbing the 
snlphurettiHl hydn»gen pn*«ent in m*iirly all locationH, a small 
* ..e ..a.a.i. eiitfitiofit. Such cofttinas are 


Zine oxide is a hazardous pi^niu'ul. to us(' for (‘\tt‘rnal cxpn.suri'H 
when mixed with iron oxide, lead, or oUu'r etdor N«> 

process of mixiiip; them can so asso(dat(' iht' scvc'ral piiznifuls. rvon 
when ground in the oil, as to euahh' any oiu* partieli' ..f t-iduTsuh.slaiKa* 
to thoroughly protect any particle of llx' othei>! presenl, iruiu the 
changes mentioned. Atuvosplu'rie molst.iuv and gases will .sooner 
or later reach the zinc oxide, wheMu'r in (he liml or otlu'V c'onts of 
the paint, and the inexorable laws ol eheiuieal change uill go\eni tlu' 
durability of the coating, (he ul(hnai(‘ deeonipo.siiion ol which will 
be determined sim])ly by the amount of /.ine <»xide pre.sen(. 

Zinc sulphate (ZuSOj is a whitt^ piguienl. ami i.s olien protiuetnl 
in the manufacture of zinc, oxuU', the color of which is no( aneeted 
by its presence, even if tlu^ sulphaliC^ is added (o (lie oxide allot w.nitl. 
Zinc sulphate has recently Ix't'u brought forwtird a.s tt dosiraldo pig- 
ment for ferric as well as for wooth'ii .surfaces. In (tonnnny tind 


England it is used largely in all mixt'd ptiiuls, and lui.s (hns btr provtul 
to be very resistant to titniosplKnie. inlluenees in dtunp loealion.H, 
Like zinc oxide and the lead pigineulw, il.s cost Is a gretd Itietor ugtiinst- 
its more extended use. Tim eommerehil zine-snlphale painls ttri' 
adulterated with barytes, the natural eotnpositiou of whieb Is favor- 
able for its admixture, with tlu' sulplttdt'. 

Zinc sulphide is a })igmeut introduced by Mr. ,1. H. ( )rr. of Eng- 
land. Its composition is, barium .sulphidt* 70, HO per ecnil tind zinc sul- 
phide 29.50 per cent, the retud.ion.s being, HuS 1 ZnSt HuS( ; ZnS. 
The dense white precipi(4ite formed is highly luailetl. (lion (incntehod 
in water, and finely gnaiml and dried. lh*e(on white, (deunt white. 
Orr’s white, etc., are zine-.sulphulo pignunil.s. tireal pitrity of (lit* 
raw materials is required to product* a purely white prculuet. 

Zinc sulphide is largely used in the timmifaeture of (*namel i>ainl#<. 
linoleum, table oilcloths, etc. It dncM tuit eoutiuue to oxidizt' 
after mixing with linseed-oil, as do haul oxhles. ami can lie etutHtdered 
as a saturated or non-sieeativtt eomptuuul. It doen not eotstbiue 
with rosin, and therefore will not saponify. Exposure tiffeets it by 
blackening the paint if a lead drier has bmi ustsl with tite liiiHcsHi- 
oil, or a lead pigment assodatetl with tin* snlplitde pigment. In 
these eases a load sulphide is forrnetl which in dark-eidortnl. 


Vollow S(‘ul. 'Tho (inu'u S(;al (lonHustH of ouo part zinc Hulplnite 
and two pjirtH of barytcH. '^u^ R(ul Sc-al, of ouo part zinc Hulpluite 
and tluHH' partH of hary toH. Tho H])o.o.i(ic j>:ravity of tho Rod Seal in 4.2. 
Th(‘ Bhu'und \‘ollovv Soaln contain hoiiio zitut oxido with tlio Hulphate, 
aiul a greater ponuaitago of barytoH, and are conHO<iuontly doflciont 
in ot)Voring powau’. Tho largo amount of oil takcai u[) by tho huI- 
phato and ziru* oxido in countoractod by tlio Hinallor (quantity taken 
up by tlu' baryUv. 

liarytt'H cohI^^ about orus-touth an much an zinc oxido or zinc huI- 
pluito, and alTordH ov(‘ry rotpUHito to gnuU^ up the woiglit of zino 
paiut4<, oven when a lilx'ral amount of wluting is pn'Hont, tus ia too fro- 
(luonlly tho cuho with mont mixc'd paHtt'H or color paintn. (Sou TwtHof 
I’aiuta.) 

(«r(H‘u-H('al lilhopouo approaclu'H cloHoly tho bwt braiula of French 
zinc oxi<U', and doc‘« not rotpiiro ho largo an amount of thiunorH m the 
American braiuln of zinc wI\ito, and it workH oaHier. It in unaffected 
by HulpimnniH gaHoa, atul dtJOH nut turn yellow when thinned. It 
will blacken if expuHtnl to tho »im before it in dry. Oiln or driers 
containing It'ail tjr (M>pper nalln turn lithojume gray; neither can it 
be UHod with other endora having a leatl or tMvppor btiae, 

(irillith’a zinc wlnto, a chloride or Hulplniie of zine, la precipitated 
from a nolubh* milphide or chloride of Hodinm, barium, or ealrinm. 
No iron nhould he pre^tad. The imwipilatt' h drital, and then cal- 
cimnl at a low tm clu’rry heat, with eareful ntinring; rakwl out of tho 
furnace nJu! {(nenchc*d in vfdHJtf etdd water, then levigatcHl and ground. 
It in an oxyKidphide of zinc; Home milphate cjf mugiuwa accompanies 
the pigmemt. 

A eotnmen'ial zinc white that in only a .Hiilphate of zinc is made 
by preeijalnting the pigment, by tin* ndditiem of a dilnte solntUin of 
Hulphuric nchl, to an acetie- or nitric-aeid Hohition t>f litharge. Wjiah 
anti dry the precipitate tlumnighly. The clear Fujimr can he used 
repeatiHlly. All of tlie mehils inwociaUMl with the zine in the litharge 
are diHaolviHl by tht' nitric or acetic acids and pnH'ipitattHl with them, 
as Hulphatw, and are incIincHl to blacken on atmospheric exposure. 
The zinc pigments fomunl by the prwipitation pn>ccwc« are not as 
duraldt* tsr reliahlc fis tlu»e fomu'd by the t>xidation or aublimation 


The United Utntcs Jiurcau of Construction spccilies one imrt of 
white lead to three parts of Kinc, oxide for (he paint used on woiulcn 
structures on the seacoast, and has lately aliandotieil the um* of 
zinc-oxide pigments on feri’ic! striicl.ui'c's wherever loculcd. Housc' 
painters use from 2t) to 50 per e.t'ut of zinc oxide when they mix 
their own colors. The grc'at pc'rca'utagu' of zine oxide in the eoin- 
mercial mixed-white ])ainUs and colors has been referred to in Ciinji- 
ter VI. 

AdulU'.raLwnH of Zinc ()xi(!i\ ond T<sts. 

Patent zinc white is a sulphith' of zinc mixed witii liuryta or 
strontia. Pulton’s zinc w'hi(.(^ is tlu‘ sulphide t»f zinc ami burytes. 
Charlton’s zinc white is the same. 

In the adulterations of zinc. oxid(' with baryta, barytie white, 
permanent white, Hhinc.-ldxc', c.onstant white, etc., all of thoM* sub 
stances are artifuaal sulphate's of baryta, and an* le.ss ecv.^inlliue than 
the natural sulphate, and eoves’ b('t(('r. Pure zine oxide diN .olve< 
entirely in dilute s\dphuric acid, li*aving no rt'sidue. H enriiounie 
of lime is present, it elTerv(‘sees with luurlatie aeid. ntal the .'unount of 
this action in a mea.sur(^ indicates the amount of that adulterant 
present. 

Zinc oxide lacks w(’ight wlu'u compared with white le.'td fur p.'dul 
mixtures. Barytes in its powch'red form supplu‘.H this detieieui'v, 
but has poor eoverlng powi'r; It .spreads well ami .'-.ave-. oil, 'Fhe 
■floated barytes— a fim'r grath' llouted from (lie pidven/e<i natural 
mineral — ^lias better eovi'ring powi'i* than Iheordtiiniu bramlH of the. 
pigment, simply lieeaiise it Is finer. Artilieial haryte.^ or " Hhute 
Fixe” frequently contains ])ulverized silica or wliite gla-^s ?-.mid. All 
of these substances are adultm’auhs, and add nothing to the qiiahtie. 
of zinc oxide except weight and a saving of oil that li‘>Hi*n?« the eo»U 
of the mixture to the manufaivturer, lad seldom to the eoiihumer. 

To test a mixed zine-oxide (laste or jiaint for adtd(eralio?m, repented 
washings with benzine or other will naimve the oil; then drv flie 
rosidnnm on blotting-] laper. Ddub' Huljihurit' acid eoinpletelv di'^- 
solves zinc oxide, leaving the adulieraiion or any otluT metnlhe bn>-.e 
pigments nnaffectod. 

♦“TTnitod Statx's Naw Yard 


jjrt'Ht'ia. 1 i\c' Daryu'H, suu‘u, ou*-,, wiu reiniuii. aiicr tuo rcsiuuum 
iuiH h('t'U i/2;nit(‘(l. 

On ii piiinlcil HuiTacc, nlif^lilly Hcmlah ilic coating, and apply a 
drop of Hodiiun Hulphid(‘ of lOO'-’ Hamn6. If load pignu'nLs arc present 
a diseoloralion will fcjllow the application of Uio Bodiuiu. 
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LAMl’nh.W’K. 

Titk carlxm f^nnip of ('(miprisos liuiiplilnok. mineral 

or uiitural as])halt\ini, artificial asphalt, coal-tar, nial ^niphifi', either 
alouo or as a coiuponoiit, part of tlu' paint. 

Lampblack Is tho (ino (U'posit. or .soot formeil by the imperfect 
couibiistion of oil or fatty .sul)stanc{'s. Its cotiiposif inti \ urie'. yre.atlv, 
tlc])ori(lmg U])oii the uatiiro of tht' suh.sttinee constnneil in it*, iornui- 
tioii, aiul tho caro oxonast^d in tlu' coinhnstion process. hatiy nils 
and groasc yield tlu^ ))(',st liuiipbhick. Coal I, nr yields ,n blai'k «»f .n 
brownish hue Jiud is inclined lolu'oily. Ht'sin furtiishesa yond blat-K. 
If the combu.sfcion is forc(‘d it carries alojijjt .some <if the free resin, 
flakes, and yields a yt'llowish resinons black of an ittferior tjualiiy, 
not always free from jiirit and dirt. 

Gas-black, the soot product from the comlmsiinn nf hydnic.nrhon 
fuel or ilinminatinji; cotd-pis, di(T(*rs in molccttlnr sinictiire from the 
fatty-oil blacks. I’lni fi;as-bl!ick particles tippctir to ha\e a '.far fniin, 
and are not as snitable for mixinf>; with while le.nd or /i!»c uluie fnr 
tints as the fatty-oil bhu^ks, tlamf^li their color is «leie^elv np.nt|ne. 
Tlie fatty-oil lampblack is lilameiit-lbrincd, and itjcoj-purafe'-. uifh 
the oil and oxide tti^immts ladder thtm the .star or Hake fnrnied l.lark-.. 
(las-black is also made from natnnd khh bttrned tmder revnhimr 
cylinders, the deposited soot hein^ remove<! by scrapiiu'. Unit 
proper care the lamitbhick so formed is netirly pttre carbon, bn a 
paint coutiiift; it Inis a tendetn'V to becotne briftk*. crack, and flake 
off aftei a short tlnun Ibis pos.siIily restdts irmn nnisi* !«»«* imndi 
diioi 01 tiiipentiuc in tlus vnlnch*, as of li.Htdf it i'i tt »<!n%^ .dr\ iih'' 
pigment, and adds no dryinj-; (lUuliticH t«i the vehicle. Is '.rldnm 
appears in the market iis Kandtlack. 

Ground soot ap])ears as a lampblack mnler Viirion-s frnd«* Hainrs, 
It contains ammonia, Hidplnirie. and pyroliiumtsmH nckb. raim 
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on roofiiifj; luaU'rial and ferric surfaces. WiUi galvanized iron or 
sheet, zinc, tlu' zine is rt'ducc'd to eitlu'r an oxide, sulphate, or carbon- 
ate at the exjK'nse of the zinc covc'ring, kniving tlve iron exposed 
tf) the netioii of tlu^ (dcaiK'nls whicli producer corrosion, that is the 
more active heeinise of tl»e galvanic couph'. of the different metals. 
(Se(' ( hdvaiiizing, (!lun)t(‘r X\dl.) 

SixnnAli hitirk, or cork--l)la(d\, is mad(‘ from the e.ojnbuslion gases 
of hiirning cork. It is a good lampblack in color and U'xtun'if la’oper 
rare' 1 ) 1 ' taken in Iht' proct'ss ; l)id. rharrt'd cork and aslu'sare too often 
piH'sent in tlx* product for its good. 

J I'ori/’bltirk is math' from chips of elephants’ t\isks and oUter 
hard hones frt't' from fat. It should havt' no liistrt', as that 
indicates tlu' prt'.senct' of nnconstmu'd fatty mai ler. I Us use is 
almo.st exelnsivt'ly for Iht' prt'paration of the' finest hlacks fttr carriage, 
decorative, and arllMls' colom. Its higli (tost tlehaus it for use in 
ferric (‘ontings, 

Ifoi'ii hhirk, or animal black, is almost Ithadical with hono- 
hlack, hilt i.s generally in a more finely divided state. Ani- 
mal refuse, alhutnen, gelaltiu', horn and hoof shavings, etc., are 
Huhjecled to a tlry distillation in a still or retort ; the hlack carho- 
naceoUM tna.ss left i.n washed with water and powdt'reil in a mill. It 
rt'quires about otie and a (piarter its own wi'ight of oil for a paste, 
'riie great tjuanllty of oil l(*ft in thi' hlack as it comes from the still 
is tlu' reason for its slow drying. It is a eokl, mild black, and wlu'U 
not well burned has a brown tint, drii's badly, and is used for printers’ 
ink, blacking, etc., alsi) for tlu* cheujjcr grade of lilack varnishes and 
paints, 

Himt hluvk, nuule from a piMirer cjuality of bones than Ivory-black, 
Is n warm, risldish briiwn black. 

!>ri}phhu'k is an ivtu*y- or bone-black blut*d with I’ruHsian blue, 
ChttmuiLlihit'k is n finely powdereil beeehwood ehnrcoal, made 
in Swislen, and generally marketed ns Swedish hlaek. It is a pure 
hlack in erdor, hut has Itw covi'Hug power than the fatty-oil hlacks. 
}ilur-hl(t!'k, tnuile from vuie-slemH, is a beltt'r quality of ehamoal- 


this black come from the coiu loused gusos as soot in llu* oaloinatiou 
of the above substances. Many other ])n)eeHH hlaeks an* sold under 
the above names. 

Almond-black is made from fruit stones, nuts, (‘(e. It is an intenst! 
black, and has the same qualities as Frankfort black. 

German black is made from the combustion gases sif any nwituntH 
matter, which escape into a long flue, at the ('iid of wliieh is a wooileu 
or other fibre hood, that collects the de})osit(‘d sinit. 

English black is collected from the flues of bilumiuoUK eoktMJVj'Us. 

Russian black is made from the wjot of rc'sinou.s dentl fir- (tr pine- 
wood. It is liable to spontaneous eombiiHtiou if left b»r a short time 
moistened with oil. 

Prussian black, Berlin black, achre-hlaek, atfftr hlark, mrih-fihiek, 
lake-black, paper-black, and maiiganm--blaek are all inferior (jualities 
of lampblack made by some one of the many pn»eeHse?4, niul from 
the many substances capable of slow and itnp«*rfeet or wnoldering 
combustion. Their color and (lualitit'a are (juite jw divergent um 
their names; all dry slowly with uncertain rewidta in etdor and 
lustre. 

Graphite-black, or ship’s black, is an iinpim* lampblack mixetl 
with an inferior quality of flake-graphite, and can la* ktutwn by iin 
metallic lustre. 

Coal- or shale-blacks are generally imlveri'/aHl alaty Idtuininoiw 
coal. 

The trade adulterants of lampblack mmmt not only of thswf* 
substances that in the proc(«H of manufacture* are ituperfertly car- 
bonized or vaporized, but nearly every other light Mulmiance that 
is black and can be ground to the recjuirwl fiiu *new4. 'fhe Cl inr»e wait 
and scales deposited in the chimneys and flues fnini the coinbuHimn 
of fatty-wood and soft-coal lire's, coal-gas, mineral oil, jihide. and 
asphaltum, coal-tar, etc,, in the several jnticessw of distilliifion or 
burning for other products, all contain aslu^; also acetic, pyroligiieotis, 
and sulphuric acids, ammonia, and tar to a notable extent, tfuil eori* 
dense in the carbon-atoms, and materially afTwt the color rind qiifdily 
of the lampblack. These are not always removcnl in tlie suliwHUioiit 
calcination that all lampblacks require to fonn the nrime* mire 
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(Hily on tlio siirfac(>, and n'lnaius viscid iuid('nu'ath, ami is prone to 
p('('l. 

AnthraciU' and hitumimuis coals arc^ p’ound and marketed ns 
])nr(' lampblack. 'I'liey contain I'rom S to 12 i)ei’ c('nt of ash, also 
from i, In 2 p('r ctmt of snlplmr, and absolnU'ly have' not ii single 
pnalily lo n'commend llu'ir \)S(‘ ('xci'pt tludr low i)ri('e. l''rom the 
large' epuinlity of worthh'ss lampblack st'h'cU'il for the finishing 
cenUing of most, of the ironwork in llu' Nt'W ^'^n'k liapid d'ransit 
Subway, it might well receive a spe-cial trmU'-uame as the “Subway 
or 'runiu'l black.’’ 

('(trbdit-’hldck appeal's in tlu* market as hydrocarbon-black, Ameri- 
can gas-black, sat iu-blaek, gloss-black, j('t-blaek, silicate' eif e*arbou, e'tc. 

'I'o make' a pure' lnmpblae*k re'ipiire'S neet endy a preiper mate'rial, 
but as care'ful atle'Ution tei llu' e'ombu.stion of it ami the Hub.seepient 
preee'e'ssi's for its pre’paralion ns the* manufacture' eif any eitluT pig- 
ment. 

I’ure' lampblack niaele' fretin a fatly eiil is see fine'ly Hubelivieloel 
naturally, that it reepiire's no grinding. It is only grounel in the 
ve'hii'le' to .si'cure' a more* thonaigh ine-orporaliem than is possible 
by stirring it in. It is of an eiily fe-e*! and nature*, ami in ceanbinalieen 
with a gooel oil forms a more' elastic and cleise'r-clinging e-eealing than 
any etllu'r pigme’iit. 

It is e'he'inie’ally ami ele*clrle'ally passive', non-liygroscejjiic, nem- 
e’orrosive*. and Ii-ks alTe'cle'el by he'ut, light, and pe*i'ling than any otlu'r 
pigment. 

Its life in a paint e*t»ating is in agre'at measure e'xempt freem all at- 
meiHphe'ric inlhu*ne’et4 that cau.He* the* de*cay of a paint. Its elastie*. 
nature re'dnci's the' frictional e'lement ilm* to tlu' bt'uling of Hbams, 
while the' e>\idntie>n or dei'tnnpusiiietn of organic mutte’r in the elust 
ami from i»lher source's is ahneest nH. It re'inains in place until re*- 
movi'il by friclietn etr the ileHtructum of the vehiele, uuel can he 
laiinleel over without the e<\peusivt* teire'h-buruing or scrHi»ing so 
ueceHsary with ettlier pigment ct eatings. 

In some* ft»rm eir degree' of purity lampblack entem Into all of 
the hlaek varnishes, e'lminels, nml trade* paiiits that have any marked 



the form oi japiuis, rather than tiirix'iuiiH'. wnien iiain-ns uu' lu-ire 
of the coating. 

Many instances are on record wluM’e a .single coat of lamphlaek, 
like that used for the lettering and symbols on the old cross-road and 
tavern sign-boards, that hav<‘ been ('Xjio.sed for n eenlnry or more, 
are still uninjured, while tlu\ surrounding colors anti in many eases flu* 
wooden surface of the sign have betai worn away, leaving the carbon 
lettering in fidl r('li('f. 

The iron-link-chain Husi)ension bridge' over the Merrim.'ie llive-r 
at Newburyport, Mass., was iinuh^ of Norway cold blast irem, iuid 
erected in LSIO, It was jjainU'd with two coats of pure lumpblaek 
and raw linseed-oil over sixty years ago, and w still (IlKJ.'tt pnietie.’Uly 
free from corrosion, though in an exposetl position, sidgei't It* .'•eu air 
and fog influences for days in sucaiession. 

The use of ]ami)b]uck to delay tlu' '‘sc'lling" of re*} haul Is fully 
described in the article on ri'd h'ad. It does not, lanvever, pre\i*ni 
the failure of red-lead ('oatings wlu'u they art' exposed to the aeiiou 
of hydric-sulphide fumes, but is not itself affected by tht'Ui. 

A good test of the cpiality of a lain|)black is to place the sample on 
a piece of blotting-pupf'r and pour a little ether on it tmtil the p.apor 
is soaked with tlie etlu'r, percolating tlinmgh the black. If «nj the 
evaporation of the volatih^ and removal of tla* jiowdor the undorside 
of the paper appears fatty, tlu' lampblack is of poor tpialify. 

Animal cliaK.oal and boiu'-black or ivory-black are strong bleueluug 
agents, and it is jiossilik^ for tlu'in to uncokir overlying <'oatiiig”*- d be 
oil protects them somewhat from this lileaching inlluenee. but uln-re 
long stability of color or lustre is recpiired, it is lu'tler to use l*litrk> not 
of an animal nature. 



nilAPTKR IX. 


MtN'MRAr. OR NATURAL AHl'IIALTUM. ARTIKK'IAL ASPHALT (WiriCH 
INomUKS COAL-TAR AND ITS PRODUCTS, PITCH, MINKUAI. WAXKS, 
KTC.). 

M (nri'dl or natural OHjihallum, TlH'n* uu' n Ituxc uumlu'r of IIk'sp, 
known ns Mf^ypUnn, BcrnnuliT,, 'lYmithul, Mt'.xicHn, Cluhan, (Yli- 
foi'uiuu, Chituw', (>(.c. Tlu*y all vary gnailly in cliaracU'r aiul purity, 
anil arc llu' rpsidiial proihuUs of pi't.rolpiun when the liglit hydro- 
carhon (diMiu'nts have hiH'n ('vaporaii'd Iiy natural cauHCH. They 
conlain vi'gidaldo and inintTal inatlar, Hidphurit* and other acids 
that must ho riMnovinl by boiling or distillation to render them suita- 
ble for enamels, varuislu's, or paints. Asplialtum is not to be con- 
founded witli tlu' product of coal-tar dislillalion, called ‘bwphaU,” 
which, having a certain resemblance to thc‘ natural fisphaltum in 
some of Its physical iiualitii's, is chemically viTV unlike it. The name 
asphalt being carelessly applied to both tlu' natural anil artificial or 
coal-tar product, naturally leads to some cutifusiim on the subject, 
d'liey ari', in fact, so widely apart in all their essiuitial t(ualitieH that 
tliey cannot be appropriately coupled together as relating to the 
same substance. 

'rhe characteristics of asphaltum usesl for fi'rric. coatings are 
brietly given; Asphalt, lutuiuen, or mineral pitch, nprijic (fraritif 
1 to l.tlS, HofteiiH at I7tf^ F. and melts at 212® F. (coal-tar asphalt 
softens at llfj® F.). Acconling to BouHsingnidt (Aw. Ch, Pln/n. [2], 
XIV, Ml) it is a mixturt' of two definite stdwlanci's, vir..: anphaltene, 
which is fixed and soluble in alcohol; and prtrolrnr, which is oily and 
volatile. The greatiT part of the latter may la* volatirp/.(Hl by dis- 
tilling the asphalt with water. The chemical coinfMisition of bitumen 
is; 

FarlMtu, ...... Kr> per cent. 

Ilydrogen. . .. 12 '* " 

Oxygen 2 " “ 


KM) 


(< <1 



per cent purer than Trinidad, Samples of Hermude/. uunhv.c- <)7.22 
per cent of materials soluble! in bisulphide’ of carbon. A lar^c* uiuotuit. 
of these materials is also soluble^ in (dher, sbowiu|C that the hiluiueii 
contains large amounts of petroh'iu’. 

Pctrolcne in BernuuU'Z Sl.U.'i. 

“ “ Trinidad SO.Ol. 

Egyptian asphalt is tho ])urest of all the varietu’s of asphalt , Imt 
is not procurable at present in commereial (luantilieM requiri'd for 
pavements or paints, but is used in the liiu’r tiualilies of japnniUHl 
or enamelled wares, baked eoatings, varnisheH, ele. Smnplet4 of it 
frequently analyze 99.6 per cent of soluble nuiltiT. 

Asphaltum yields by dry distillation a yellow oil, eonxintinic of 
hydrocarbons mixed with a small (piautity of oxidi/aHl ninlter. It 
begins to boil at 90° C., but gradually riseH t(» 26(P t\, giving «»iB of 
specific gravity during tho boiling, viz. from 00“ t‘. to *JtHr' Mj>eeilie 
gravity = 0.817 (at 15° C.); tluit which boils between 'itHT {‘. and 'Jot}" 
C., specific gravity *’0.808 (at 16° both portions giving by niialy- 
sis 87.5 carbon, 11.0 hydrogen, and 0.9 oxygen, wiueh is nearly tin* 
composition of tho oil of amber. 

These asphaltum oils, treated with wdjjhurie aeid and then waslu’d 
with potash and subjected to dry diMtillalion, yieltl n. tiumber of oils 
which are insoluble in water, or strong nitrie aei«l, and are but little 
affected by strong sulphuric aeid, hut are very Holuble in nleoltol tw 
ether. 

Asphaltum has no metallie btise, and ean be ela>i«eil as a gum or 
resin, hence but a small amount of it ean lie irteorporat***! into nn oil 
vehicle for use as a paint. Bisulphide of earlKUi and benzine Ufmally 
form a large percentage of all velurU*H in asphidBim paintH. 

The principal merit of some of tluw paints etniHiKts na»re in the 
name than the quality. If it is once corwidertHl that mdy alKUit |f» 
per cent of asphaltum enters into the compoHiti(»ri tif the we!14iiowti 
street pavements, and that so little quantity an this nmotint. howj'ver 
it may govern the other constituents of the paving ecmqjotind. ban {«» 
be put in place or applied hot, and cannot be uschI ar eorti|w»tm«i«'<i in 
any other manner, it may be apparent that, notwitUHtiimlinc the 


inark('t.. I'A'cu with Muh snuill amount, anil with tiio best of boiled 
or raw linsewboil as the vehicle, the paint is didicnlt to dry without 
tlu‘ list’ of stroiifi; metallic salts mixed with the oil to aid its oxidizing 
or drying (juaHty ; and if a ([uick-drying paint is wanted, thest! oxidiz- 
ing materials are udtled in such amounts as to materially affec.t the 
life of the paint. 

When the color of the paint is other than black or steely gray, it 
may be doubted if any asphalt will be found present under the closest 
analysis; and tlu' red and brown colored sampk's will be found to 
ndy almost whidly upon oxitle of iron as tin* base of the pigment, 
uiuler whatever name it may he masked. 

(tihoiu’lv, a mineral n’sin associati'd with natural a.sphaltum, is 
used larg('ly as the principal pigmi'iit in these paints, (dlsoniti’, 
asphaltmn, petroleum, cannel and bituminous coal and shale, all shade 
olT intoi'iich other s(» gradually, ami form st) umnerous a ckiss of bitu- 
minous mineral substance’s, that it is didicult to d(’l(«rndne their exact 
relations, 'riu' (luid ek’inents of tlu’ hydrocarbons evaporate, and us 
the heavie’r portions solidify, they oxidize’ with a hiss of hydroge’U, 
and change until over a Inmdre’il different bituinimaiH mineral sub- 
stances can lu’ detennineel fremi the hydrocnrlnm greuip. 

'I'he gene'rnl composition of the numerous class of pedroleums, 
after the {’vnpornlion of the light('.st hvelrtH'arhons by nature in tlie 
form of naturnl gas, is. viz.: 
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Coal-tur is a ^^onoric. U'rm ai)pru’(l In tluist' Inttuiifiis wlitcli arc 
cxtraotod cluriiig tho tUsstnicUvc' (listillntinii of l)i{umin(»us anal for 
gas or coko. (lonunorcially, Uu' tuuiu' is also apiilitMl tn wnh-t mun 
tar. Tho luituro of Iho tar varios with lla* imttiro itf tin- cnal. aiul 
with tho prooossos oitiployc'tl in its productitm ns a \vn>l«' prmlufl in 
the manufaoturo of gas or hard coki'. 

Thcro is no known luothod of doscrihing aconratoly the' truo t'uin 
position of tho ooal-tars. No (avo arc idcntioal in r<*'.pfi-i. 

although many aro idonlioa] in ('vory I'ssoulial rfspciM SariafiniiN 
also occur from tho admixture' wiili (ho t'oal in prtloo^^i nf ili^tilluiiun, 
of greater or loss ([uantitie's of oils of varioti.s kinds, ummI fnr tho pur 
pose of onricliing tho gas. 'Flu' (.Hi’s vary in (In* ntuuunt uf hit mum 
they contain within the limits of (iO to U2 pt*r oonl ; ahst vary Jniyndi 
in the percentages of oil which they contain, and in tin* quality <*t the 
oil. Tho non-bituniinous nuitlor in tlu* (ar is gmenill) eurhnn. 
which is synonymous with liunphlnck, and wtis, of emuNf. a iivdm 
carbon before the hydrogt'ii was oluninatod by ouuihuHtmn. t'unl 
tar cement, or asphalt, is a rt'Hidiu' from the elisiillnliun uf m.al tar 
Its hardness or flexibility is due (o (ho poroe-ntago of tho nil loft m u, 
and may vary from l(i per e(>nt in one quuHty of c-ual (ar to .VJ per 
cent in anotluu'. One pt'r cent of oil takon from one mal tar \ull 
produce a greater hardening (>ITe(*t than 1§ jior oont takm from 
another tar, and the degree of heat neeoHsnry for diMiijluu^ o|T the 
oil may vary from 2{)(P to (i()(P I-'., (-ven wlu'it Mippleuu'nled l.v 
mechanical agitation, or by blowing snporheatoil fUoum or mr mf.. 
the still during the distillation proeess. 

iho aveiago aiudysos of 21 large nnitdu'r of .•^umpli'*'' of enjd t;tr 
from coal-gas retorts gave for a •Khgtdkm Inirrel, njHnftr ( us 

1 . 10 : 

gals., or 3.75%, of light oils, conriinting of ht’ii/.oli*. tinjilithn. ntut nuttiih*- io xl 
0| gals,, or 2S,7i)%, of lu'avy oil, t'oiiHihtitig of cn'imote-oil miii »*f» 

29 gals., or 72.5%, pitcli. 

Boiled in open kettles, this tar should he ro.luecd Irom i:; j„.r 
cent to 25 per eent, aceording to the duty napiinal of ji. Thv tnr 
resulting fiom the distilhitiou of ]telroietnn ciil.H fnr water gn.H <»( 
a decidedly inferior (piality to that, ohtiiiiu'd from gn-H-re*!!!-*, and 
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bc't.U'r lulaptc'il for courui^ tlu' criKU'r forniH of wood conHlructioiis, 
j)ih's, (lock-tinilxTH, f{'nc(’“poHtH in tlu' f>:roiuul part, than luolal-work. 
Hut this Hauu' oil-lur, if dwtillcd at lunita from (UK)'’ to SOO® I'., 
foniiH a j)ilrli of almost adamantiia' hardiaw wlu'u cold, and resists 
almost all (’orn)sivt' uki'hIh and solvents except those of the hydro- 
carbon clasH. 

Analysis of a by-prtnhu'l coke-m'en tar: 

Naphlhalene 12. OO jx'r cent 

Anlhrncini' 0,21) “ “ 

Tar acids. ... 7.00 “ “ 

d'nr lia.ses. 1 , OO " “ 

Water 2,00 “ “ 

Hitch 77.10 “ “ 

HIO 00 “ " 

When the couctmtnition of the pis coal-tar is carriiHl to the 25 
per cent or 20 per emit .stHKn, tin* product i.s comparatively odorh'as, 
or at least Is not any more olijectumable than that from thl paint, 
the pungeMicy due to tlu* light oils aiul carbolic acid Inang dissipated. 
In the distillation of taialdar. until the final resiiluum of coke 
is reachcnl in the ntill, there an' lit) coiwtituent oils deriv(*d from 
the proct^sK that ilo nt»t gradually volaliliKe by the heat of the sun 
or approximating tranperatures; and all coal-tar or hydrocarbon 
puitluclH suitabli' for uhc* in. i»r aa paints, also become fluid when 
exposed to heat; in fact, but few i»f them are applied in any otlau' 
condition than whih' hoi. They are all liable to run on vertical 
or slightly inclinesl Hurfacw, until by evaporation flaw are m ntl- 
vanc(‘d on the r«*ad to Itrittlem^ that tln'V solidify, and by a little 
further progress in tla» same direction they lM‘cnme brittle and scale 
ofT on the least meeluiuicnl diHlurbnuce. 

In the prixiuetion of an ordinary sltuularil rtMding-pilch fnmi a 
C(»keH»ven tar, the distillation ran, vi/..: 


150° to 170° l^'. 

Analysis of a slaiuhu’d ('oul"fi;as tar (.spoiMlH’ 



Ily(lro}>;('i> 





Ash 

Volatile suli)luir 


ur:i\it> l.L’h, 
S*.l ‘J 1 I'lT c’l’lit 

1 o:. •' 

1 ():> •• 

1 t'.'S ” " 

! r:n’f 
I) :.(■» '• 


1(10 (HI 


Tu c<invl)Ustion it ji;av(' British llu'rnuil niii!"' 1 

power from and at 212° K. Ki.-l pmnals of wafer. 

Analysis of AvaO'r-gas Uir from (speritie i-ravii\ 


(larbon 

Hy(lrof>;('n 

Nitrogim 

Oxygen 

Ash 

Volatile siil])lmr, 


02 70 per 
0 i:s ” 

0 11 ” 

0 (hi " 

1 rare 

0 ;t7 


■Ivaptnat tvi' 

t . 1 .5 » ; 


CTlO 


100 (HI 


In o.ombustiou it gave' British thermal iinit*' 17 BOO, h'.v aptiiafivu 
power from and at 212° h'. IT.S pounds nt water. 

In the distillation of an oil water-gas tar b\ hi John I Unm 
the products obtaified at. (lit* sevend stages o| (he proees’i wro- a 
follows (si)(a‘.ifi(i gravity of tlu' erudi' tar Id. 5 * Bauine 1 1 waf«-j 1 « 


DiHtilliitiou heat’, I'\ 


I'rOTjU Ul?*' *'5 i!e' 0 !S.l{«- 


240° K. waU'r ... , o pn mo 

240° lb light oil 1 25 ” 

240° torn® .... . 0 :>o •' 

:m° “ 400° a (HI •• 

400° to 550° 20 (Ml ■' •• 

550° “ 017° o (Ki •' •' 

017° ‘M)9()° 17 IM» •• •' 

Above 700° a hard-pitch reshhu* M on ” *' 
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At 400“ K. tlu‘ cUstilliilt' Ik'cuuu' lu'av’ior than water. The. rcsuUuvs 
<)!>lain('(l at Uaiiperaturc's of 550" to 017“ F. worcHoft pitch, but would 
not. (low. 'Plu‘r(' W(‘n' from 12 to 15 pi'r c('ut of free carbon in the oil- 
gas tar, wliih' 5 to S per (HMit arctho imual amounte found in anOtto- 
IIolTman coke-oven coal-tar. 

T!u‘ acids aJid ammonia salts in cnule e.oal-tar must bo eliminated 
by boiling or diHlillation wlu'ii uswl for coating ferric bodies. If 
they an* not removi'd, tlu* tar, either hot or cold, is one of the most 
unreliabk* and unmanageable of coatings. (See Dr. Angus Smith’s 
experience, ('hapter XII.) 

'riu* iniiu*rnl wn\t*H derived fn)m coal-tar arts the most reliable 
<sf all the coal-tar paint prodttets. d'hey arts t'Hpeeially ntst affetsletl 
by “Hwt'ating.” 'rht*y are an inlt'rmedhiry substance between the 
Iluid aiul volatile eltnnenls and the heavy (suw; and retain some tsC 
the vtslatile elemt'Ot that, as it slowly evaporatt's, causes the parafliu 
tti crack badly and change its volumt*. The spaces between the 
tension-chord and »>th(*r eye-bars in modern bridge constructions, lying 
HO closely together ns to be ineapalde of inspectitm or repainting to 
protect them from etjrrosimi, art* (dten lilltHl in with melttnl paradiu 
m a prott'clion fnaji rust. It retniires bill a short periotl for the wax 
to hnrdt'n, .shrink, ami eraek, and expftse the ferric bars. As wt'll 
(*xpt*ct a erneked varnish c*ouling to proteet the siirfuee it tuivers, 
an tme of erackeil parallin. 



(lUAl’THR X. 


ARPIIALTUM PAINTH AN!) CARtlON VAHXtSIIl'S. 

Aspiialtum paints arc ])r()pri(’l!ir3' proihicls. atnl vai'y in ('lituposi- 
tion and cpiality cpiito as imich as doc's llic siilislaiu'c t'mdi wliirh thfv 
derive their name. There is no stiiinlnnl of eMTllcnrc in asphalt lun 
paints. 

A small amount of some (pialily of minernl nsiihalimu nr 
mixed with varyiuf!; amounts and (jiudilies of ilu* (rade taiiiphlark 
constitutes the pigimadi for Ihi' iiumei'oit.s lirnnd*^ nf (piiek dia im^ 
paints used to blacken a hu’ji^c' (diiss of ferric bodies, flmi noed a 
coatiiip; for ap])earaneo rather tluin proleetiou from connsitin. Tht' 
catehy name often secures tlu'ir use on inort' ijjijiniiaiii sinuMurt'';, 
where the price at which they are offen'd slamkl [irnmpily rofidtatm 
them before trijil. 

A siupiMised better class of usphaltum ptuuts or no tadk'*! vai” 
nishes, similar to the “Maltha,” “ P. A' Ih," find other trademark 
desipinations, are freely marketed as superior paint protInetN. 'ITey 
arc in no sense varnishes, btit simply tlu* iibovj* mentioned cIunn tif 
pigment siibsbmces, mixed with l)isnlphid<‘ of enrbon. ben/ine, and 
other imcertahv hydroearhon li([nitls niul nils, the latter often t-nm 
taining more resin-oil than rmseed-nil. 'I’hey are not eomponnded 
by heat, as all true varnishes an'. 'I'liey luive liad an extended liial 
for over fifty years on important harie slriietnre.H, naval, bydratilie. 
and other work, only to fail after a lirief espoMur<-. Wherever plueed 
in competition witli other efirbnn or melallie-lm.Ne eitalinyN thev are 
invariably found low in the coliimu of merit. a rule ib*'V '-pread 
easily and show wc'll at first, but when tlu* vohitiles have e\ .aporaf ed, 
especially if they have b(*('n sulijc'cled to a moderate heat ie'.i 1 In* to 
1S()° V., they become brittle, turn brown, crnnible. jmd an* euNslv 
removed. The a])])licatiou of tlu’so palntH, eontainini' InNiilphide 
of carbon, is attended with extrenu* danger from firt*, ev»*n on external 
exposures. The vapor of bisulphid(' is verv evpkadve at low tem» 
peratures, also disastrously iujurious to the j)!iiuters or tuluTH lu’eath” 
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All account of its appliiuition to wator-niairis, where it resulted in 
the insanity and death of a nuinbcr of the painters and workmen 
engagtid in painting and laying the pipes; also in the utter failure of 
the coating to protect tlie same pii)es from corrosion, is given in “Trans- 
actions Ameikuui Society Mechanical Mngineem," Vol. XVi, 1895, 
Paper 037. Also in I<Jn<jinec,rmg News, Keh. 7, 1895, and April 4-, 1895. 

A further demonstration of tlie inferiority of these asphaltuin 
paints in competition witli other oil paints and black varnislies is 
givcai in a sink's of tests maih' by Mr, Ma.K. 'Foltz, tl.M. 'I'ho Report 
was read befon^ tlie Soeii'ty of Clivil lOngineei's, St. Paul, iMinm, and 
reportt'd in the Jaurtuil of the Associdtiow of Eiiyiucering t^ocleties, 
1897. It was also brit'dy referred to in “ 'Fransactions American 
Society Mechanical lOngiueem,” .May, 1901. (See also Bisulphide of 
darbon, Chapter XX.) 

Asfihaltum varnishw or carbon paints in which the vehicle is 
practically a Fmseed-oil varnish, compounded by heat, aiul of the same 
nature as a baked-japau vehicle in which the carbon-blacks and 
other pigments are ground, are very n'liable for proti'ctive coatings. 
'Flu'y seldom fail under the severwt tests of marine or other corrosive 
e.xposures, 

Fonnl licBinB, 
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'rill* fnvity //|/, rw urll nn thf fliiri unit'd ndl« //». nn* rjllrd with wnnl- 
flnid e’Btii. 'I hi' thick -widlcd ccUh P ccuitnia starcu. 

Fossil gimiH or rf*HinH, under tin* general name t»f Copals, are those 

llurwt fill* 1*!! nr* i.tiipniuh t.tititfu 


manmacturo, many oi inoiii possessing peeunur nu- lu-^u 

are the fossil resins found in Urn lu'ds of rivi'W or in tiu' ('art li where 
they have lain for centuries. The hanhu'ss of tlu'st' hwil giuns ajipearH 
to depend upon tlndr age and the pri'ssure that they hav(' undergone 
while buried. Ambcir is the hardi'st and most valuable of all n'shis. 
Only the refuse of black amber is ns('d for varnish. Amber varnish 
merely means amber-colored varnish. There is no amlu'r in the eoin- 
mercial brands. 

Copal is the next in hardiu'.ss; it (conn's fnan Zan^.ibar, and is 
known in the English trade as “Animi/’ from tlu' inseets emlaHldtsl 
in it. Reiivg very didicidt to dissolve, it is di.HiilhHl until it lose« 
from 20 to 25 per cent, wlu'u it (am be dissolviHl iji boiling oil. 'riuTt^ 
are three varioti(is of it, and many gradt's. 

“Animi” is now the technical luuni^ for the H(nith"AnH'ri(nui, 
copal, and comes from Brassil. 

Sierra Leone copal has nothing to do with Sit'rra Le«m<' ('xeept for 
its name. It comes from the rivc'r-bt'ds in tlu* inleritir of Africa. 
It is the only African rc^siu that will dissolve in cold nleohol. its 
color is not as good as the JSansiihar or h(*Ht Kauri, but it is harder 
than the Kauri. It is nux('d with the Zaiw/ibar for iumlnesH, itst'lf 
giving toughness to otlier fossil iwins. 

Other African copula are the Ih'hble or l*ebbl(*-«t<>m*^— “Whieh is tlie 
hardest — Acora, Loango, (lahoon, Eongo, Benguela, and thret* nort-a 
of Angola. 

Manila is of two kinds,— a hard and a Boft; neitlu'r iiw' fossil 
gums. They come from the Philippine and (dluT islands, lionuHt, 
Singapore, etc. This gum can be us(hI m it conu*s from the living 
tree like the enido resin from thcj American long-leaf pine. 

Dammar is a recent resin from trts« not exiitu'i, and eontaiiw 
the most water. When it forms the prineituU resin in n vartiinh or 
varnish paint, it appears to be always drying, In'tiee the diuiKer to 
any other coating spread over it. It m the n«in uwhI witlt imainel 
paints to give the high gloss characteristic of tht*s(' coatingiH. 

Sandarach is a resin yield chI hy tlu» hariH*rry-trei>« of XortluTu 
Africa. It is used to a considerable extent as tlu! laww of Kpiril var- 
nishes. 

Kauri or Cnvyrin fmm s.. * 1 ... t o „ 


wlien it luis lain in the ('urth for ccntiiric's it bc'oonu'H hard and valu- 
able. It is vc'iy ijidilTerent to tlu^ action of sulphur gas('s, and is 
more eolovlesH than the other fossil rc'sins. It is (ausily dissolvc'd, 
and melts mon' naulily than mastics, but less so than the eomnioii 
resins. It is ullic'd in composition to Dammar rc'sin, and is from 
two to nine tiiiu's (du'apc'r than the otiu'r fossil n'sins whose i)ri(a*H 
ranf»;e in the order of conunercial (juantilic's as follows: 

Fric('H por pound. 

Hr, St. Knurl 10 to bO c('nts. 

Second. Manila 10 “ 25 

Third. Danunnr 10 “ 25 “ 

Fourlh. Zanzibar, best .$1 “ SI. 25 

Fifth. Benf!;u('la S5 “ 00 (^('nts. 

The general composition of all fossil or other resins is (bglbiBh. 
Their specilic. gravitit's at OO® F, arm 
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Shellac is an animal rwin pr«uluc(Hl fn)m tlu* Imnvan- or fig-tree 
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lacca, exudes a sap that the iiisc'ct trnnsfornis by ilw'slinn into a 
resinous excretion (lac), with whicih sla* ('iicnists hor and herself. 
The insect is in(li^>:enous to the forests of India. 'I'he exudation of 
the sap from the kc~treo is sonunvluit similar (o that, pnulueed by 
an insect or parasitic fimf>:us on a sja'cies of oak (tlu' tjnll-oak) that, 
produces the ''gall-nut" us('d by dyc'ix and in pharmacy, 'riu' hu-, 
when sent to market, often ('.ontains tlu‘ (‘ggs of (hf‘ insect, aiul is 
called "seed-lac." 

The lac secretion is dissolv(al from tlu* twigs and brunches of !lu‘ 
tree in hot water, the sohdaou is tlu'n evfiporateil oji Imi revolving 
cylinders, orin shallow ])ans, tlam Hcrap('fl olT in the form of thin .•sheets, 
broken u]), and forms the (aannu'rcial sludlnc, graded g<*iierally as 
D. C. (dark color(ul), L. C. (light colored), H. (bleached), etc. 

The coarse tpialities of the meltetl lac, wlu'n dropped into rounded 
pieces 1 to 1^ indies in diameter, an' called "Imtton Ine," and when 
in larger pieces are known as slu'i'l.-lae or "jiieee-lue.'* 

The best cpiality is kuHunhluv, from th(' kiiaiun tree (.SV/i/r/V//rrn- 
trijnga), which lasts about t('n yi'am after being .stung. 'The iwig.H 
from this tree are of a light-gokU'ii color and furnish the orange .Nhellne; 
coming principally from Sinni. The second ijuality i.s fnrnislied by 
the dhak or pn/e.s’, from tlu* litdat jwudom. The third ((tmlitv is 
the from the Fucm rrluiiasa. All of tlu' lac-trees t'xt'ept iht' 

kusum live only from two to three yi'um after being stung liy the 
insect. Commercial shellacs arc t'xtrcuu'ly variable in tpiality and 
price. The best grade of fine Orangi' 1), (‘. lae bringn i’lt) I'iM. per 
cwt. in London; "Native Orange," JCS Dk. p(-r ewl.; ’Mbiniet," 
£7 8s.; "Native leaf” and "Hutton," £.1 Sh, to £:{ 15^. 

The comjiosition of slu'llac is givi'ii liy Mr, llalHteuil * as 


Rosin 

Coloring-matU'r 

Wax 

Gluten 

Extraneous and nitrog- 
enous substances. . . 
Loss 


Stirk-liit'. 

as. 00 per cciil 

10.00 " " 

O.OO " « 
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o . no " " 

■1,00 " “ 
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SS .’K) pt-r Cfitt. 
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A inoro coinplotci analysiH by Dr, JohiiH^** hIiowh that 120 parts of 
Btt(‘k-lac consist of 


<S().0() parts 
20. 00 “ 
•1.50 “ 

:i.oo “ 
0.50 " 

0.75 " 

O.OO " 

2.50 " 

1 .25 " 

0.75 “ 

:i . 75 " 

I 120.00 “ 

Sht'llac. tlissolvcH nnulily in alcolml, benzine, nnirialie. ami acetic 
acids, l)ut not in contaaitmU'd sidpUnric, acid. It dries solely by tbo 
('VHporation of tlit^ solvcnit, Icnivinfj; the thin (ihn unchanged, the 
only iiHo of the solvcMit IxMiija; to spread tho varnish. When alcohol 
is used as tho solvt'Ut, t lu' varnish can bo spnaul ov(‘r damp surfacw, 
as tho alcohol will take up tho moisture wilhout imic.lv apparent 
injury to the coatin/j;, tlutUKh this will bo longer in drying, as tho 
\vat('r must, btv ('va|)oraled with tlu' alcohol. 

Shellac can be applitnl to h'rric surface's, and in uiulcr-water (fresh) 
exposures it gcm'rally will nanaln alanit two years witliout any great 
eh'terioration. In salt water, however, it will md stand a week, and 
when t'xposed to the' sun anti air, will be elestreiyeel in about a month. 

Mach t)f the' feissil rosins re'pnwnts a class that hiive many varie'lie'S, 
but neme^ eif the*m are cemib'rents. Tlio lalteT cla.ss arev those that 
furnish the turpe'idino anti coininttn rt*siuH eif tlio pre'sent elay, which 
are of the It'ast value e»f any evf tlu' n«iuH few a straight varnish or a 
pigment varnish. Tht'ir use in a varnish Is princijvally on accenmt 
t)f tlioir ch('a{>ness ami the sliglvtly imprtevexl brightm^s they cemfew. 

ItecorelH of tlu' pn»toctive nature of senne eif tlu'so varnish pnirita 
slitiw that a Huitabk' cennbinatieni eif linMecxl-eiil anel a revin is a bettor 
]>roliH’tive ve'hiclt' tlvan oil aleme, yet the mimller the pnvportiou of 

nunitiYMti nf OHiirr' diinthh' wiw till' Ctvsitbitr. 


An odorlcHs comniein ri'nin 

A rcHiu iiiMoluliIe in e'the'r 

(tiloriiig-niutUir nimleig(ni.M to eeicliineiil 

Hitter lialstuuu'. vnatter 

Dun-e'eileirctl extriieU, 

Ae'ia (laccie acid) 

Patty matte')' like' wax 

SkiiiH (if tile' iiiHee’t and e'oleii’iiiK-nmtter (the' latte'r rurni.'ehiiig 

feitid for the' grnh when hatclied) 

Suits 

lOiirths 

Loss 





. - . 

ooinpositiouH uud ((luility of tlu' vnnilsh n‘(iuir<'(l (ct meet the (’(lOtli- 
tions to which it is Lo he subjocU'cl. Heats a|)|iro.\iiiiat itifi the eharriiiK- 
point of the oil, dhtP-'hOO® iP, an' necessary for a thtin)i4»h hh'tiiUng. 

Varnishes and varnish paints dry better if iinaieralely wurin 
when ai)i)lied, or if applied to a warm snri'aee. Mnnufaeturem of 
pianos and other hifi;hly finished surfaci’s on woml subject tln'ir work 
to 20(P to 250° I'b to aid the drying and to luinh'ii tht‘ eoatini', 

JUit cheaper materials and processes than the above are einployeil 
to produce coatings to comix'le with tin' basic tni'tal pigments for use 
on ferric bodies. This can'h'ss eompoumling Ims resulted iti lowt'iing 
both the ])rice and (piality of varnish painls, until inntiy of (ho ctini- 
mercial varnishes full below the avc'rage nf the better elans of straight 
pigment oil paints for protective' ct)ating:s on h'rrie slnieteires. 

For trade convenience, 100 piiunds of resin are taken for tlie unit 
of composition, and with this iinit, K, 10, 20, or tinv nnmtu'r of gallons 
of oil rated at 7.8 to 8 pounds p('r gallon, art* comptmndiHl for tin* 
different grades of varnish, known us 8, 10, 12, etc., gallon vnniiNlieH. 
To designate the kind of resin uwul, the' initial h'tier of the kiml of 
resin that is employed is tuke'ii, vl/,.: An SZ varnish means an s gallon 
Zanzibar; an 8M, an 8-giillnn Manila, tuid so on, IhiHj ^nr the , -.ingle 
lettera or with a combination of Iht' letters. 

In the color varniHlu*.s or so-cnlk'd enatnel (»r paint varni-djes, 
whore the pigments are ground in the* .seleelc'd bratnl of varnidi 
employed for the vehicle, tlie designatetl k'tfer of the re^in in it is 
generally lost or withheld, except us specially fnriUHlied l.y lite 
manufacturer. 

All of these varnishes or paints ur«' Ix'st thinmnl with ttjrpefitine 
to the proper consistency recjuiretl for the hruHli. It in iMUtrr for 
this pm'iwse than nil. The heating af the oil niul rt-*in together for 
the varnish has so thoroughly incorporaUnl them, that m> free oil 
present to exert any change or action in the drying process, .srpnrah* 
from that present in the coating as a whnlt', and wliic-h tin* {id.lition 
of free oil as a thinner would dist-urh. 

Benzine, or other (listilled liydrocfirlaii! !i{|nhl, Hhould never he 
used in the composition of varnish or varnish paint, 'riu'ir Jinick 
evaporation results in making the coating normsH. nod itjil,!.. o. 
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An essc'uLial point, in ('illu'r a .straight or a ihginont variiisli is 
that the ]ins('('(l-oil should ho made from riix' .soods, c.old pre.ssod, and 
b(^ widl agod, and its “ Mucossitios” or non-drying olenionts- (nearly 
() [)or (Halt of it) should he nanoved, in part at hai-st, or .so changed 
in oharao.Ua' as not to he readily decomposed in tlie natural oxida- 
tion of the vc'hicle in the procevss of drying. 

DuujIch’h Journal n^iiorts the expcaaments of Dr. Saco (Nurmn- 
Ix'i'g) to ascH'Vtain the nature of dilTercait resins, viz.: Amlxa-, coiial, 
common rc'sin, dammar, elenini, caramha wax, mastic, sludlac, and 
sandaiaudi. All of tluan W(a*e nalucihle to a powdea' form. Amher, 
(‘lemni, maslie, sludlac, and saiularach ht'came pasty Ix'fore melting, 
llu' otht'i's Ix'canu* liciuid at oikh'. Amhc'r and dammar did not dis- 
solve' in alcohol, (loiial Ix'canu' pasl.y, elemni and zaramha wax dis- 
solved with dilliculty, whih' common resin, mastic, slu'lhm, and san- 
darach dissolved (‘asily. (’auslic soda dissolved slu'llac ivadily 
common n'sin partially, hut had no iulUx'iKH' on tlx* otlu'r re.sinH. 

Oil of lurpetditu' dissolved lU’ither amher nor slu'llac; it swc'lled 
copal, di.ssolved caramha wax, common resin, dammar, elemni, and 
sandarach easily, and mastic vx'ry nxidily. 

Boiling linsei'd-oil had no effect on amher, caramha wax, copal, 
ek'iimi, or slx'dac, while simdaracli dls.solved .slowly; common re.sin, 
dammar, and mastic dissolved easily in it. 

IN'troleum ('ther had no effect on nmlx'r, copal, and shellac, and 
was a poor solvent for caramha wax, common rc'sin, elemni, and 
sandarach, and was a very gotxl sohx'ul for dammar and mastic. 

Benzol dis.stilvcd common re.sin, dammar, and mastic vc'ry ca.sily, 
('lemni and sandarach to a limited extent, (’uramha wax more readily 
than elemni, hut had no elTcct upon amher, copal, and slu'llac. 

'Pluaigh gums and resins an' g('n«‘rally spokc'U of as helonging to 
tlu' Humt' clasH, they are distinguished from I'ach otlu'r hy tlu' hoIu- 
hility of tlu* gums in water and the insoluhility of the n'sins in the 
Hanu' ru|uid. The gums are iuHoluhlt* in alcohol, whih* the resiiiH arc 
Holuhh* in it. 'rile .so-called gum-n'HinH are soluhh' in both vvahT 
and alcohol. 

U'lii. Tt’tiRra Timi'tinl f t .mii l#il i ^ I Uu* lUfll IK 
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intermediate product between the guiuH niul rc'siiis, whieli invariably 
consists of twelve molecules, alliliatiug with “liuoxiu,” the highest 
oxidation of linseed-oil. J)r. Kronsleiu proiluees uu artiiieiul resin 
identical with fossil amber, both in color and liurdneHs; uIhu has 
advanced his theory and process by producing (he soft resins and 
balsams. 


CIIAPTIOR XI. 


BAKK1)“JA1‘AN COATIXOH. 

For HiH'cial lociationH and [(‘rric (^nimlriu-dons, viz.: riv(d('d-Htc(‘l 
waU'r-piiH'liiU'H, anclior- and cyc'-bars, lattuu'-trus.scM, poHlH and baanus, 
C()V(‘ring- nr bnckk‘“plaU'H walk'd in or burk'd in masonry, and inac- 
(u'.'^sibk' for inspoolion, ropairs, or rt'painlin^, a spc'cial coating called 
“bakoil japan” is Ix'ing tesU'd in a munber of locations, the most 
proiniiu'nt of which is a number of inik'S {»f sU'cl water-pipe, mains, 
30 to 50 inches in diamtht'r, riveted into a continuous length. 

Tlu' ])roeess of manufacture and c.om])oHilion of tlu' japan is simi- 
lar to the blaek-variush products, but a largc'r (piantity of asjjhaltum, 
gilsonite, and otlu'r clu'nper grades of gums and rt'sins replaces the 
fitu'r tiualilit'H of fossil and other resins. It is applied by immersing 
a hat pipe or other article in a hot bath of the compound, and ujK)n 
n'lnoval from the bath atul ilraining, baking it for a regulated period 
in an oven or mudle kept at an even temperature t>r 350” to 500® F., 
according to the size of the object to be coat{'d, the composition of 
the japan, and the serviet' re((uired of llu' coating. 

It fills all small interstices in the objt'ct, is elastic, will follow with- 
(mt strain all changes in tempt'rature of the body coah'd, is perfectly 
imjH'rvious to ntnuw))h(‘ric influences, running wat(*r, brinc', acid, 
and alkalim* and sulphur s(»lutionH, that afTc'ct the ardinari/ oil-paint 
coaling.s. Its co.st per Htpiare yard of coated surface is naturally 
much greater than any brush coating, and will vary accorditjg to the 
conditions of its applicatifin. Its durability or life may Im* anywhere 
from ten tt» fifty times that of the ordinary oil-paint coating exposed 
t(j tlu' same innuences, 

Tht' ctimptwitkm of such baked coatings (and there are HcnrcH of 
th(‘m in practical ime) a])pears to lx* of less imptmtance than their 
proper jiroportion, anti the care imt'd in their combination, ajjplica- 
tion, ami final baking. It i.s reaHonabk', however, to expeet that a 
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eiices toiidiiig to imnlucci iu\y otluT cIihiik^c than is sulinnrmuft' lo 
the original one that dric'd tlu' eoaliiis. 

3^>aked-iai)aii contiufi;s, from tlu' nainrt' of (licii inKrodictiiH, nro 
electrically pas.sivc, cxcc'pt lo currcnls of lii^li |>nif!itial : luait’o it 
rcinaiuH for time to dc'tentune whelher llu- stray tdeetrie ettrn-iifs, 
now a fniitfnl M(mre(' of electrolysis in all ferric 1 todies that lie in the 
pathway of their return to lludr place of ffeueratittn, will not fiml the 
rows of rivets i.hat unite tlu' sevt'rul sections of the nntlm'yrotintl 
water-pipe lines coated with baked japan, thi* points to eonefoilrnie 
the electrolytic energy for »i rapid ettrrosion of the pipe msteiu at 
thousands of j)()ints in ('Uch mile, instead tif n Innalietl or >o. esposi-d 
in the usual spigot and Indl method of joining (he j»ipes. ‘l*he elec- 
trolytic action at the riv('(H will bi' hastened by the dilTeretna* in poirii- 
tial between tlie rivets and the pip(’ ntelal both of which are «»f 
different potenl.ial from the japan coating. 'Fhe hru.-di paint eo;iting 
applied to the rivet-luauls will ulTord hut little if any proiertiou nv.’iinst 
corrosion or elec.trolytie, uelion, u.s (hey will take place underneath 
the coating, ami will naptire b\d a .small developnumt of either Uefore 
they cast off the paint and huvi' an laisier field for their juornesN. 

Another sonrc-e of corrosion which the.se joints can re'.i',! lait a 
short tinu' is tlu; uc.lion of the acid elemeiit.s present in all earth'*. In 
th(' case of th('S(! wal.er-pip(‘ Hues evpnsed for miles to a great numlH'r 
of .strong elc'ctric currents, (he ordinary rate of nnrtt'^ion from e.'ufh 
and water w'ill b(' iidf'CHitled, ns in the water tmver si.-ind pipe ea-.e 
cited in (Jhaptur X.X.XIV of this V(!lume. 

While the bnk(Ml"japan coaling of itself leiuv'es but little if anv 
room for imin’ovenu'ut in the coating of wulei main's it wdl 
sundy be a source of futtire regret that a inUter lurtlaid »if joining 
the short sections of ]uih' into a contimions line was not adopted th.’in 
the riveted joints thus far used. 

If the brush or modified jai)an contlng applied to the j»ipr eirmlar 
seams is adetpuite for their ptaamuient protection frmjj rorro-don. 
why incur the expense of a ])ake(l coating for (lie bodv part of tfu' 
pipe? If it is not a jiermanent protection for them, flieii, jih a e-laiin 
is no stronger than its wtudeest link, there must Ih> n great number of 
weak links in this method of conHiructing ami nroteelim! wafer -niiw* 


i)('i\V('('U a p;o(ui aiui a oaa ))ian oi jouu, (■onsvnict.ion to Ix' a lactor 
in (Ic'lcnnining which to iis('. 'riiat a numlK'r of American c.itios 
have tluH bad joint, in evidenced from trade catalogues and other 
illustrations of this method of conslructiiij^ larf>;{^ water-supply pipe- 

lilU'H. 

d'he (pu'Hlion has Ixam ridisc'd as (o whetlu'r tlu' baking of the 
coating (‘fb'cts any further chemical union ladwecm llu‘ oil and the 
otlu'r ((onstitueiits of tlu' dip, otlu'r than that (hwi'lojx'd in tlu' protu'ss 
of manufa('tun'? It. is probabh' that it dtx'S, as tlu' baking tempc'ra- 
tur(> is materially high(*r than that in tlu' procc'ss of manufacture. 
Tlu* j)ipe“Coiding material before baking is naulily soluble in turpeii- 
tiiu*, but after baking is not sofUmed by prolonged digestion in hot 
turpentine, and b\d. indilTc'rently in hot naphtha. Tlu' preliminary 
heating of the pipe* bt'forc immersion in tlu' hot-pipe dip assures its 
adhesion and impermeability, as the air and moisture are ja’actically 
e.xchuh'd and tlu* preliminary bond of the coating to the metal is 
perfect, 'riie (‘vaporation «if the volatih's in the japan dip in the 
process of baking is so i|uiekly effected in the earlun* stage of baking, 
that the litptid or fitsetl mas.s of the H'sins rcatlily replacu's tlunn and 
nils the interstices catiscd by tlu'ir evaporation, and (‘tisures a smooth 
unbroken surface to the coaling altog(‘lher different from that of a 
dried paint. 

'I’he so-ealle«l jnpaniitsl or (‘namelled coatings used on sewing- 
maehineH and many eloinestie machines and utensils are gc'iu'rally 
of that composition that will give* the best appearance*. 'I'hey are 
not proof against connwitm ttmlt'r many t*\poHun*s that woidd be 
rc.HiHtetl by a geuxl varnish coating or an eartlu'iiwan* salt ghu'.e. As 
a ride tlu'V chip t*asily, and corroMittn once established in these* spots, 
Hpreads rapidly lH‘neath tlu* enamel ami flakes it ofT. 

A jtroperly made enamel is cHHcutinlly a gln^u*. similar in com- 
juwitiou utul pr«>p(‘rt i«*H to glass, atul has all t*f the advantage's anel 
elisaelvantage'H of that substane'e*. It is nu*lle*il at a high heat, 1200® 
to I KMr F., and ndhe*re*s to the mirfae'c* e»f iiie*tals luTfectly. Knatnels 
ge*nernlly resist the action of acul nolvcnts, but arc brink* and eaaily 
chiptM'il olT. 

"'riu'be'Ht bnkc'd japans are inteTincsliale* between enamelH and 

I «•« Si tone tfov t f )ut iraeu Hfiiini fif MulventH ahnoHt as well M 


In hardness, baml japan is inu'iuu’uiuu' nnwi-ru vuMur*u «u»u 
or harder than gypsum and nearly as hard as ttiarhh*.” 

Baked black japans arc made rrum rmseeil-dll and usphuU m a 
base, mixed with more or less copal resinH, UHUall^^ kauiii atid uie 
thinned with turpentine. Lik(' varuishes, tlu‘ more linHi'cnl-tiil they 
contain and the less driers (oxides of haul ami mnngnnese) the more 
durable they arc; but to get them to bake hanl at u comparatively 
low heat, the proportion of oil is fre([U('iitly decren.Ht'd ns much na 
possible and the amount of driers increased, humiing an Inferior, 
brittle coating easily injurc'd by a slight blow or nrngh handling. 

Modern baked-japau water-jiijie coatings art‘ V(‘ry similar in (dmr- 
actor and in their application to Dr, Angus Hmithts ant i-corrt wive 
water-pipe coating, that forms the subji'ct of the folhnving chapter. 

* "Paints, Varnishes, and Kiuuuela" A, H. Bnhin, M.H., New Vark, iHhO 



CHAPTICR Xir. 


DU. ANcars SMITII’h ANTI-COUHOHIVE WATKU-PIPK AND OTHER C^OATINGS. 

Tm.H c’omixnuul wuh originally applual by Dr. Smith in 1840, and 
paU'Htial in lOnghuul in 1850, and whh firnt uhchI in Ainorica in 1858 
upon Honu' pipoH import'd from (ilangow. Dr. Smith's original for- 
mula is not dorudlt’ly known. Mr. JamoH P. Kirkwootl's Report on 
the Prooklyn WaliT Works, publislu'd in 1858, gave the following 
formula for it, and it was used to some extemt upon the pipes for 
those works; I'viihMitly salisfaetovily, for Mr. Pi'ter Milne, engineer 
in eharg(‘ of llu* extension (»f the works, reports: “That 8(5~iuch pipe- 
mains laid for 85 years were found to lx* in ])erf('ct condition exter- 
nally, and but few lulx'rcuk's or other deposits wcu’e fouiul on the 
inside of pipes." The pip('H had been coaled by heating them in an 
op(‘n furnace to uI)out 50(r l'\, and then immerHing them in a bath 
fornu'd from coal-tar, as follows;* 

C'fwMar was distillcnl until thi' naphtha was removed and the 
material de<u!ori/.iHl and of the etJUKistency (d meltc'd wax or a thick 
molas.sc'H. This process also eliminnt<'d most of tlu' tarry acids, and 
lU'Ciwarily retpured eonsitlerable time and care to effect. Five to 
0 p(*r cent ami in Home eases 8 pt‘r cent of pure raw linseed-oil 
was then adiled and stirreil in w«4I. The bath was nuuh' thn'p enough 
to n’cc'ive the ]>ipt*H when jdaced in it vtauically. The pipes remained 
in Uu‘ bath until they hatl cooletl jlown to tht* same bnnperatun*, 
about H(KP F., t>r alsmt 80 ujinutes ftn* a 20-inch-diameler pipe, 
(’areful attention was given to the length of time the pijws were 
to remain in tin* l>aih. A hw time than 80 minutes for a 20-inoh 
pipe gavi’ an inwaiiHfnetory result. F«»r pipes froju 4 to 12 inches 
in diamc’bT, 15 to 20 mimites' immersion apia'anai to be auffioient 
to get a reliable coaling. 

When tile coal-tar was distillcHl to the consistency of mineral 


* " Rcrmrt la relntiaa to I*w»rm«ls rrmtle l»v various parties to protect the 




pitch or bitumen, or wlu'u commou rosin or Ibir^nimly pitch whh 
mixed with it iuul us('(l ns a biUh, ilu^ pipe eoatin|.os l)cc;mic imnl and 
brittle when cold, tuul the bath material would not unswor, oven 
whore the quantity of liuHcaal-oil uhchI in it was increased to 15 ar 
more per cent. 

The preliminary heatiup; of the pipes to notf !■'. before imnu'rstou 
in the bath, after a short expc'imaiee, was found to be pri’Jialicijd, 
and was abaiidoiUMl. Tlu' euiubusliou gases ttf the lieaiiiie furnace 
that were deposited on tlu' pipes appiaired to aiTeet th. ‘ninditig 
of the coating to the pip('"inetal, and thi* pijK's when retuov«-d from 
the bath were not satisfaetoiy, and new speeiiieaf tote- hu' etailing 
thorn w('.rc adojded. 

Theses spc'eilieaLions reejuired the same jirepnrafiou t»f the etiabtnr 
for the bath as given above*, and for it tt» la* kt*pt at a teiuperntnre of 
300° h\ during the pe'riod of ilipping. As the tnaterinl was eontinu- 
ally deteriorating during tla* dipping pron-ss, fresh material was to 
be added frecpieiitly, and at leas! S per cent tif linseeiboil, ns near as 
could be guessed at, k('pt in the bath, or ndiletl with tin* fresh pitch. 
The bath was re(pur(*d to la* oeensumallv t'Ulircly i‘mplied «tf its eon- 
tents and to bo r(*nih'd with new mali’i'ud. 'The ohi nutbuial after 
a few days’ use was found to la* hard and brittle like eonuimn pitch. 

Every ])i])e was iuuuers(*d cold, but tint frosty, ninl was to remain 
in tlu* bath until it had a(.laiti(*d (la* t(*mpt*rature of the buih, dlM) " F. 
This la'i'ical was about 30 minutes for (he 'JOdnch pipe, no in the pn*- 
vious specification. Ilrt'tjuin*d a brisk iin* to la* nmintaineil umiri llic 
bath to overcome the cooling action of the cidd pipe uhen imtneised. 

The ])reseuce on tlu* pipi* of luoulding-Mainl, dirt , moiNtuie, fio-t, 
or oil and grease of any Idiul, was found to be iletrimeutnl In tlir appli- 
cation of the coating, and Uu*ir r(*ua)val was necessary befori- dipping. 

Tile royalty ])aid Dr. Smith for tla* use of his formula, ulthough no 
ITuiled States patent was in (*n'(‘('t, was :I7| (•c*n!s per ton of pijH*. 

The price paid the English pipe-foittalei's for couttug the pip«*« 
ordonal from tla'iii by tin* Hrooklyn Water Works wan $1.25 jn-r 
ton, for the years to bSHO. A!ia*ric*an pipe-foundrm’ am! con- 
tractors’ price for Dr. Smith’s coating was about per ton m 

against a plain asiihalt coating of .fl.s.'i to .12.25 per (on. 
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poraUii'o of llic pn'liiuinary of iho ijipo Ix'foix' iunuorsion 

vurit'd from 200'^ to 700° I*'., ami llu* proportion of ingrc'dioiitH and 
tlu‘ir comijosilion was ('(inully slarUinfi;, as \V(‘rt; also the attending 
results. 

Mr. (^las. narmony, (lliicd lOngiiuvr of the Louisville, Ky,, Water 
Works, who ('Xp('rim('nt('d for a numlK'r of yt'ars with Dr. Smitlda 
formula as given l»y Mr. Kirkwood, r('i)orts; That ''Home of tlu' l)ipes 
HO eoali'd, nfltw an exi)osure of from six to eighUaui years, weri' in 
us pc'rh'ct. condition a,s wlum first laid; but it was an ex(!('i)tion, not 
a rule. In a majority of ease's the coating on the inside of the pipe 
was all goiu', and u|>on tlu' outsiik' surfaces it had apparently been 
of no importance' in [)roleinging the' lile e)f the' pipe. The' elitlieulty 
cxperie'iiceel was, that in the* lu'ating eif the' bath to the teinperaturo 
of 30tr I'*., the' coal-tar, re'sin, and pite'h e'e)mpe)uiulK bec.ame unnuin- 
age'able' by approximating the* comlilioii eif boiling juul ve)latili«atie)n, 
anel geiieig eve'iwwlu're' e'xe'ept in the' place* it wets wantc'd. The* coat- 
ing was thie’k euid appeire'Utly unbreike'u, but exea'e'elingly brittle, 
anel wenUel crae'k and scale o(T in the' ordinary pre)e'.e'HH e)f handling.” 

The’ te’esion of e'ofd-teu* and pilch at a tempt'rature eif HOO” K. is 
lianlly U'HH lhati that of weiti'i* at the same' lie'Jit, or e'epial to edieiut 53 
peainds' pn’Msure. d'ei maintain such a te’inpereUure* in the bedh in 
ope'ii jitmospheric pre'SHure* is impractie'jd, anel tlie ceimpemitiem be'eainu'S 
unnuumge'able. 

Otlu'r e'Jiginee'rs report that the pipes eifle'r twenty ye'ars of ('Xpei- 
sure' were' found to be free from corrosion, but the ceaiting had leist its 
beind to the* pipe, and eviilently reiiuuned in place be'cause' eairrosion or 
otlu'i* caUHcH held not de'Velujied (‘Uough e'lU'i'gy to cimt it o(T against 
the* pressure of the' sterreamding earth. 

In llu'Hc and .similar instane*es of failure, the* resultH appc'ar tei 
have* Ihh'H more markedly against pipes viwi in greeimunel inste'ael 
of a dry sand tir loam-mould, evieletilly becatwe' the thick, vitre'eius, 
or partly fused gren’iiHaml coating carriesl so mue’h air in its reiugh, 
windy surfne*** inlet the* bath, that it coukl not escajM* through the 
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the tough Bowor-Harff skin, lo which it is naitinilly >n clusfl\ nttaciicil 
as to require pickling to n'lnove. It is the suli'.rqiniit linking that 
the pipe rec<uves that n'litlers (his process n succe-% Hit* ctuupdsi™ 
tion of the bath can Ix' varied greatly without lutu-lt detrtiueitt tt» 
the protective nature of th(\ coating, if the baking proce-.H f.tlh.wH 
the bath. 

The generally unfavorable results attendant on the tise of ))r. 
Smith's formula without tlu' baking process, and the can* ntul I'ost 
of it, determined tlu' prt'H{'n( practice of the pipe foutulei'*. uhieh is 
to place the fnites for a .short time in an tnaut healed to 2bt) ‘ lu ;i!M) ‘ h., 
then immerse them in tlu* hath «if hot coal-tar and pitch, and (hen 
cool them in tlu‘ optni tur. 

This coating is oiu' of uppcarnucc juore than of a proteetive or .nn 
enduring nature, ami is ouly npplicalile to water-pipes, a'* in gas pipes 
so treated the Bolv('nt action of the hydrocaiiaui vapor ^al^n removes 
thecoating, and the joints drawaud leak wttr.se than vUih the uneonted 
surfaces. 

The careless and indifferent lailling of etiabtnr, fo free it from 
its many acid and otlu'r impurities, makes it n varinble nn«l tjnsaiirt» 
factory coating, bime, gypsum, niul oilier mineral NuleUanees ntixeil 
and boiled with the coal-tar to ueutrali/.e tiie ammonia, aeids. >.ulp)mr, 
etc., only render the tar mon* imrelinble and unmanage.able, ‘Die 
careless heating of the pipes and Italh, also the length of time the 
pipes are left in the bath, and the suli.-Jetpieiil treat men! »>f tin- pipe.»i 
when removed, are all factors in the indifferent reiudi^* obtained. 

Unless gt‘cat care is oxerciHed the Hinall pipes will Ih* overheated 
and unequally coated and hriisheil ufT, iiiside and oni«ide. The larger 
pipes, requiring a longer lime to heat, from the m.'ee, of metal th«-v 
contain, will be nmk'rhcated in the oven and enol down (be baili 
to a lower degree than is retptisiti* for a reliidde eoniing. 'rise Hub .e 
quent brushing of the coating, bolii iiwitle and outHt.li*. during the 
first period of cooling (a inatlm* of fmm db miimt4>a to 2 hourrd, 
promotes its reliability. 

All coal-tars or their compounds uf wliatever nature uned a 
bath, or applied with a brush to any Murfiua*, Imt or cold, are Mubject 
to the law of fractional diHlillalicm; that l.H. that such a mivltiri* ihtriuif 


for a tinu', and so on. 

Mdu' low l)oilin}>;- or ovaporaUn} 2 ;~])oiui. of tl\(‘ lif>;hUir elements of 
eoal-lar or petroleiiin ])ro(lm’.tH makes tlunn very uncertain in their 
eoinpositiou, as e.luing(‘s of lemperaiure in tlie bath from 220° to 
dhO" V. ar(‘ frt'((iu'nlly uoIxmI without any change in the character of 
them that tlu^ eye can th'tect. 

'PIk' (*hara(d('r of the biith composition change's so continuously 
aiul rapidly tluring the dip that fre'epu'ut additions of fresh stock 
must be math'. Tlu'se necessarily cool the, bath, ciuuige' its composi- 
tion, and irn'gular coatings ensue to that extent that an entirely 
new bath is lu'ce'ssary. 

'Plu' UH(' of linse('d"oil witli coal-tar for pipe coatings, as usually 
a))pli«’d at llu' pipe-foeuulries, is of vi'ry imcc'rtain value. It causes 
the dip compound to froth to nearly double its volume', and re'iidcrs 
the coaling lunij)y in appe'arnneu' and luu'ertain in its boml te) the 
pipe'-nu'lal. It re'epiire-s some elTort by continual stirring to incor- 
porate it with tlu' e’eiablar and piteih, ami it is always liable' tosi'parate 
from thi'in and (loat upon tlu' surface', froth, seiften the coaling, anel 
de'lay its elrying. 

Dr. Angus Smith evieh'utly use'd a number of formuhe fen* pipe 
coatings that e'oulained linse'cil-oil as one of the ingreelienls. A le)ng 
line of careful experimt'Uls with the lu'st of euxil-tar, pitch, and linse'cel- 
oil e’arefully heate'tl ami npplit'd, gave' almost uniformly gexul contings. 
I 'sing the comim'rcial grade's eef these substance's and having the 
ordinary tlay labort'r te» cejm{Knuul ami apply them, the result was 
uer'essarily inferior, so much so as to cause' tlu' ahandonment of 
linseH'iboil i>i coal-tar j»ipe' ceentings by moele'rn feeutulers. If, how- 
e'Vcr, the' truth were* acknowh'dge'd, the' pre'se'Ut coablar pijK* e’oating 
woulel !h' found tei he liviiig on llu* wt'd-earuenl aiul dt'served rejmta- 
tion of Dr. Smitli’s cennptjumb 

I)md Oil in I*ij>c OmUingB. 

That part of coal-tar ohlaineel in the fractional diHlillaticm of 
tlu' tar iK'tweH'U the' h'mpe'rature's of (UD tee 750“ F., and which con- 
taitis cre'oseite ami anlhrae’itu' eeils (Hec* Aitalysis, (’hajder IX), is 
UfW'd tet ken'i) the pipe* elip at a Hliindard ejuality. It evapeerates by 


One part of dml oil lo al)oul st'von paiis of n.al-(ar iticrcascs 
the proportion of the heavy oils in llu' Inr dip from niiout ’Jo to an 
per cent, and app('ars to make llu' eoalitigs more uniloim and ol a 
better eharaeier than wlu'rt' Irtsh (ar is used fo reinlorc-e llu* Imth. 

Tivi(;k tar giv('S (hieker and more unilonn eoaiings ihaii ihiii tar, 
and fresh tar reciuires a hotter pipe to take bond iliaii .loe-. old tar. 

(trude f>;as eoal-tar boiled from five to six hours heeomes a soft 
soliil at atmospluM'ie. temperatures. l)ui‘iu|i the hoiliip^, the U'lnpeia* 
ture remains at about 220'’ K. for ahotit an lumr. (lu-n riN.-s t.i about 

290 °, stays there for a tinu', and finally rises to about .’ibt) h . Allot 

the naphtha is n-moved and tiu* tar is d('odori/,ed and reduced to the 
consistency of very Ihick molasses. If to .sixteen parts ot ihi** tsir 
1 per cent of hoik'd linst'eiboil bt* added, no frothitiK oeeur,'. e\en at 
400° lb Tlu! mixturi' is thick tind doe.s niit hanleit well on Hidit 
iron i)i])es about Adneh thick. On heavy iron pipes an ineit or more 
thick, the coatinj>: hardens witliout ilinieulty; in some eases lH*eniue.s 
too hard, is brittk', and Hakes nIT readily by meehanienl iniur\ \Uien 
handled. Dead oil added to thin the mixture eaitses no tjoihinn. 
The (ixperimeuts show that linseed-nil eould be used with ,sin*ee,ss 

and advautaj>;e with partially refined eoaljjas tar. and nl indiejiies 

that its a\)pliealion rc'()uires more intelligent cure than the methods 
eiu])loyed with tlie usual crude Inr entitiuK. 

JCx]K'rim('uts with a. refitied (ar emituiniuK deml oil shovv tlnit ns 
hif>;h as 8 ])er cent of boiled linsc'eibnil restdted fnvtirublv in solulitv 
and hardness of (he eualiug. In other lusttinees, wheu* from I (ti 
8 per cent of raw liuse('d"nil was used instead tif boiled oil. ftoiUitift 
occurred and a \)oor coaliufi: resuUetl, evideutly dtu* to the ptesmee 
and evai)oration of the water in the raw oil. 1’here i?. nUmt o 
per cent of water naturally held in cnmhltiation with the l«*s! «pmUty 
of raw linseed-oil made from vipi* (liixwetl, ami iiearlv S |H*r cent 
in. the oil made from unriju' Hee<l. With mutiv hrnnds of rumiuetrud 
linseed-oil, lO per cent a<ldi(iunul nf water in freipientlv ineovpot liied 
hy stirrin}*; it in with a paddle or passitig it (hrouuh a mixisit' mtli. All 
such oils are likely to he made \tp from fish, ri'sin, mineral or \rt.;eiable 
and animal oils with no linwH'd-oil of any tptality in them, mtd all the 
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to allow of its iia(' to tlu' ;»:r('at ('Xt(>n(, lliat pipc'-rcnnKlore require for 
tlu'it' work. Ih'uvy roofui;^’ pitcih nloiu' will run in inotU'raic'ly warin 
wcallu'i' and hc'conu's too soft, and sticky for a pip(' (tov('rinf>;, iink'ss 
laid imin('diat('ly aftc'i- coating. This is inipra.cti(ail)](', and in cold 
wcatlu'i' it is too hard and bi’itllc for transpoihation oi‘ handling. 

Niiu' paiMsof lu'avy rooting pilch with oiu' part, of boiled linsc'cd- 
oil give a thic.k glossy coating less brittk' than pitch aloiu', 

'I’wo parts of boik'd linseeiboil with th(^ nine parts of Iho i)itch 
giv(' a coaling nion' elastic and lough. 

Thr('(' parts of boiled rmse('d"oil with niiu' parts of jiitch, t,Iu‘ coat- 
ing is nioH' bulky and less suiootl) than with the ollu'rs, while with 
largt'i' proportions of tlu' liust'cd-oil the coating partakes of tlu> (Tar- 
acler of a slow-drying ]iaiid and l•elplires baking, which givi'S it a 
Huperior (|uality. 

Coal-gas tar belonging to the class of pyrog('iii(i (firc-fornu'tl) 
(‘oinpoiinils is unstable at ordinary teiiiperutures, and is e(»ntimiously 
decoinposing by the evaporation of its many hydrocarbon clenu'uls, 
until nothing but the hard friable pitch is left, which contains nearly 
all of the sulphur element in the coal that forms the base of tht' tar 
product. Asphaltum, also a pyrog(«nie product, formed by the sh)w 
evaporation or distillation of peirtileum, decoiupo.scs upon exposure* 
by reason of tlu' oxidation of the stdphur ehaueid in it, but is more 
durable than the coal-tar residuum or pitch (asphalt). 

.•\sphaltum ami linseed oil coutiug.H do not hanleu well, uuIchh a 
hard grade of asphaltum is \tsed. 

Wdtvv inpv l)ijm (uul (’tmtintjs. 

There ar<' many pipe dip.s upon the mnrki’t, some covered by pat- 
(»nts of iloiibtful validity, sflhers .secret or prifpriclary compound.s of 
doubtful utility. Some <»f flaw compounds appear ns pipe* dips, 
also as brush paint.s applicable* for fe*n*ic const ructiejus ejtlu‘r tiuui 
pipes, (See* Paint 'rests, ChHpte*r XXIX.) 

77/e i*. and H, JU'jh- Dip is a pnt<*nt elip; the* principal iugre‘di(»ntH 

are* jirobedily an ei.Hphall and mndlrddr pitch. The* latb*r is a pitch 
.n.,..: I 1 ... . 1 :.,. oi.. i : r 1 .... e? it.. 


qualities it may possc'ss when on, arc luorr llinii onset hy tiu* tintufci's 
comioctod with its application. 

The F, (Hid B. " liuhcriur '' coiisisls of " i‘ulH*roi!| ” iHnnoImmI in 
nai)litlia. ‘Mliiboroid” (ioii.si.sts of ( aliforjn.'i .nsplndf nm or in.nllha 
and (!aiidl('.“tar pilch dif^c.sled and vnlcaui/cd with Milplmr. "Hu 
Loriuo” dri('S rapidly, is hard to sprettd .siuoolhly, imt gives an elastic 
or rubbery coating;. Se(' tests of p.ninl.s, New York Itlevated If.ailwjiy 
Viaduct, for an examplt' of its (pialilics. 

Mlncml Jliihhrr Dip (or Rubber ('oatiiig) is a eomposltinti 

whose a])p('.araiic.(^ iudictifes tluit- it is hirgely nsjdialttun. It is rather 
duller in appt'aniuta' than tlu' ordiimry eu.nl t.nr or .nsphalt nuMinc. 
The. dip retiuires a U'inp('rature of .nhoitl iDO ' 1 *. to appi) . an»l then it 
is Jihnost imitossihle l,o gt'l. a smooth or neat .nppennng stuface, As 
yet its prot(!(!tiiifi; {iiudil.it'S have no! beett d«-lerfiiinesl. 

“ JBiiimdHtic” J’rotliirtii comprise jui eiiana*! to be applied in a 
molten state to tht* mt'lal. Hittttmi.stic cena-ni i- tiNeit hot for the 
pre.servation of ships’ hilt^t'S tiiul frames, iust mid of the u.Mud hidrantie 
cement coiitinf^s, and also for the protect ion of water pipe.s. Buu 
mislic. Holiilioii has bituintai for its htme. It ,n brilliant black 
paint applied the sann' as oihtn* paint.s, and is probabh similar in 
character and composition t«i "Smith'.s Ihirable {'outing.** It has 
been used bo a c.onsith'rabh' i"ctent on .Hieel wntrr pipe-, .nod for 
the limibHl period of test in that service is fnvorabh .poken of It 
dri(\s in 24 hours, is .said to 1 h> nnalTected by aei.hilnn',. alkaline, 
or brine Holntions. If applied to the ele.an «lrv snifHcr of fl,*- metal, 
does nob crack or peth when {ilternately w.n or drv. or evp.r rd con 
tinually to runnin}i: W!it(*r in peuNtocks. water wheel'., etc p 
nob afTech'd liy a mnih’nite heat, nor by .sijlplmr fiime.s, and i’. for 
nished ready for use at $1.75 per galkm. It i- verv v.dntitr, and the 
pack/iges must be well stirred while being usi'd. Its <-o\enng power 
is about 4()t) H(pla^^ feel., and its weight about !).5 pounds pet r;dlon. 

“ CrijsoUlc” Bitinnd ami BaiuL “(Vysolite** pain! i-. made ftum 
oil and a by-piocluet, ovt'it-etjke. It weighs !i,.> ponmh< per i*allun 
and spreads 500 Htiuare feet m funuHhed for a paint. When thinned 
with 12.5 per cent of oil, will cov(*r HKH) .squme feet , and under lo-neial 
conditions in both hot and cold weather. *lries eomnletelv in .'in !ji ini's 


fi'rrui pnmls uro). .In Ihe wintor ono-cighUi of its voliuiic of tur- 
IK'iitino cull 1)0 uildod to uid its s])roading power, which can bo niaclo 
to c.ovor from 800 to 1000 S(iuaro foot. ‘‘CrysoJito’' paints cost 
about 75 ci'iits pi'r gallon niixwl ready for suininor use. 

“(•rysolito” (coatings on ammonia tank-cars and n'sorvoirs stand 
tlu' action of ammonia lupiors and gases betti'r than most of tin' [laints 
nseil for this [)urpoH('. “ (hysolito’’ baked coatings under tost re- 
sisted the action of carbonate of ammonia and ammonium chloride 
liiiuom for thri'o months without injury. “(.’rysolil(>" under the 
infhienci's of strong briiui is more favorable than the commercial 
asphaltum or tiu' onlinary coal-tar paints, 

lli('kcnl()(ipcr't< ga.s-pip('-tlip compound, usi'd by tlio (’incinnati 
(las Light and ('oko (’ompany, the I’niti'il (las and Improvement 
(Company, ami sc'vi'ral otlu'r gjus comiianies, to coal their small sm’vice 
pi|)es, has a ri'cord of many yearn’ exposuri' in tlu' ground with few 
tra.ces of corrosion. Tlu' failures thus far reported show that ni'ither 
the process nor compound weri' at fault, but tlu' lack of thoroughm*ss 
and intelligence in its application, The pipes are first cleaned from 
rust, and mill-scale and then immei’si'd in tlu' following dip and 
in th(' following manner. 'Pweiity gallons of retort coal-gas tar are 
brought up to a boiling heat for a short tiuu' to evn])orate as much 
of the water, acids, ammonia, etc., ns j)o,H.Mil)l(*, then 20 pounds of 
freshly slaked liim* are sifted in from the top and well worked into 
th(‘ tar. Hoil down to tlu* cmisisteney hetwet'ii a coal-tar and a 
l)Uch. When settled, add four pounds of t allow and one pound of 
powilered resin; stir until all are dissolved and thoroiigldy incor- 
porated, then let the ma.HS eool and settle; (hen ladle olT into barrels. 
When ready for iwe. to eaeli hnriel of forty-live gallons of tlu* ahovii 
mixturi* add four poumlH of crtule iudia»rublK*r diwolvi'd in turpt'n- 
tim* to the consistency of thick cream. Ileal tlu* mixture to about 
15(r F. and inmu'me* tlu* pipe, jirrn'ouHlif henivd to uhoiit the Kainc 
temperature. After a few mimiles' immersion tlu* pipes are removed 
from the hath and laid upon skids to hanleii. 'I'he eonting is houuv 
vvluit softer (Imn tlu* usual pija'-foumlerH' dip. and retpiirt‘H moro 
time to lianlen, and eontinues luirdening for a number of hours after 
eooliug down to atmospheric comlitimw. The compound is especially 


rough HUii'iUic of llu^ couliiig arc Iho iir.sl tn ralrli ihc ..aluu-, Miljihur, 
or otlior iiupiuiLi('S ill llu' walt'r tlial h'rm ilu* hu'i • iur tin* ticsrluji. 
mcut oi’ llu! rust, couc-.s. The ('oatiiig iiiulfr thf .c pit . j , tht- in, ! (d 
bruiik clown, iH'iiig of iiuitlotiualo thickiu-.x'. ptiilia!«!> <inl\ . mcli 
thic.k. Tlu! c'xU'nial surlaco of (ho pipe a.'* loui'Ji a. iho lU'i.lf. 

luid is not only c'xpost'il to tlu* nioi.'Hinro lo tna! 4 ',uia(i' fitiin aun, 
bill this inoisluri' will conlfiiii !ill tho ucala in llu- '.ul m ulurh tho 
pi[)('s a,i'(' hiul. 

In all (‘!is('s of t'lu' corrosion of watiM'-pipf., it i - (hr puctratv of 
tlu! coating lluif cjiust's tlu‘ fornmtion of thr tubririr au>l <!rra\ of 
th(! f)ij)c. Nt'uiiy all of I. hi' dip coalings, when ir'.[r.i b\ ihm/ chr-. 
or not. in contact, with forric sub,s|!inci>s, v\crc prac!tfall\ umujsurd 
by acud .solutions or running wjilcr. 

In gc'iu'nil, idl pipe caiating.s, appliinl as they urarlv always arc 
in a carch'ss, indilTc'rc'nt nuuincr, will begin to show mdiraltoir, of 
tul)('rc]('s in thna' y('ar.s, and taisr.s of tnbrTcIr.s in laigr ptj«r-. a! {hr 
(Mid of sixtciMl yt'ill’H hu\'r hern nolrd, where the raliUH!' eapaedv 
of the pipi'S had bciMi rt'diict'd 211 jicr cent + laigineei-. nm l eaiue ilv 
take up this (luc.stion of reduceil carrying capar(i\ of iIhmi' water- 
]niK',s and dc'cuh' wlu'tluM' it is not timre ccononueal to add hont o to 
10 pt'l’ C(Mit to the cost of the pipe in t he fonn of bet (et coat nu* lunte 
rials and bcttiM' methods of their application than to ailuuif to this 
d('cr(nis(' in (low, that tilwtiys grows le,sa with iIh‘ age ..{ tie* pipe, while 
tlu' demand upon tlu' service is alway.s increasing. 

Spt'cilieations for ])ipe coalings appear to he of !ifih< m e in prodne- 
ing a .satisfactory coaling, either in appearance or duraialitc , -e< the 
din'ctions tliey givt* are more oftiai evatled lluin carried on! b\ the 
fonndry (Miiployr'S. AfltM’ tlii' pipes ari* eontcil and upon (he diwtng 
.skid, no ordinary iuspi'ctum can determine the charnciei the roai - 
ing otluM* than its apptMiranee to the eye ttr toneii, 

I ('Sting jii'pe coalings is u.sually hy the Imininer to ^ee whether 
tlio coating is so hard and hril I le as to chip otT in liandling dl.e acid 
te.st deK'rmiims the porosity of the coating by uttarkii.g the ineiaj 
through the pmvs of tlu' dip. A. solution of one purl lunrialie arid ami 
tw'o iiarts waiter will uflc'ct hotli the coating and the e<nered inelal 
irioro at tlu' (mkI of .sixly days than thev would be o... 


1^0 inch or inoi'i'j tlu' (iouting undei'iiiiiUHl juul pcc'lctl olT. 

AfUvr all, in this ag(i of specilications, inspections, scriiiiiung, and 
adulterations, there' is nothing eeiual to an honest and capable con- 
tractor, either for rurnishiug pipe, coating, inspecting, t)r laying it. 
Get siuHi a oiui if po.ssihle and then watch him clo.se'ly. 

Generally, tlu^ time that the pii^es an^ left in the. hot bath does 
not exet'ed oiu' minnte, and Ls more! often e)idy oiu'-half a minute. It 
is imiHissible to properly emat a pi])e in one!-half a minute, as the air 
carrieul into the' thie-k turgid bath by the jjipe will not e'seape in that 
time, and tlu' top part e)f the inside of the pipe and the' lower part e)f 
the outside of the pipe are uncertainly e'oate'tl for (his n'a.son. 'I'he 
jjipe'H are selelom turiUMl over while* in the* ba(h, or outside* while e)n 
the skids in the' proeens of scraping and brushing olT the' surplus dip. 

On p'.pess that are left in the* bath feer five* minutes (he* coatings 
are maike'tlly superior to those* e'xpose'd for shoite'r periods. This is 
the* e'ase* whate've'r the* nature* of (he* coaling, and is one* n'a.son why 
the* Angus Smith and oth(*r older-day coatings gave* such Hupe*rior 
re'sidts to tlurse coate'd by tnod<*rn me'thoels. 'I’he*y ne*vcr had le'ss 
than five* minute's in (he* bath, and we*re' oft(*n le'ft for lif(e'e*n eir cve*ti 
more* in case* of large* pipe's eiiu' ine*h e>r me>re* in (liie’kne’ss. Mealern 
pipe*~foundry miimige*me’nt jillows nei sue'h e'xpe)sure*s. 

A e'oal"g!i.s t.'ir paint that luus give'U ve*ry good re*sults in the e’eading 
e»f gfis«he)M(*r (einks and otiier sitnntions where* the* meted is exjeeese'el to 
lumnetnia emd sulplmrous eieids in solution and to edte'ruale nie'Iting 
euiel drying midt*r ei gre'ai remge* eif (e'lnpe'i'al un*. i.s made ei.s feilleiws: 
Goed“gaH teir i.s we'll beeile'd t-ei ('veeporeile* tlu* ueiter emd light hydrei- 
carhem e'h'ments ami theej 20 let 2") pe*r ee*nl of eaustie eniicklime is 
Hiftc'e! anel wt'll stirtvd in to tu'ul raliiee* the* eie-id e*le'nH*ntH in the* tar. 
'riiis is to be* ke'pt hot. for a. fe'W hejurs emd Ihe'U eui e'cpial epuudity 
of geueel I’orllaiul eer hydraulic e’cnu'nt is sifte'd juiel .Htirre*el in tlior- 
enighly. 'I'lu* mixture* is eipplieul hot tt> the cle*an dry iron, and can 
1)(! n»pe*ate'el soon eis e’eied or elry if tlu* e'Xpewure* ceuidition.H are tee be 
vt'ry severe*. In the* lnt(e*r ease*, a little* nmre ee*tiu*nt slundel be* acltlwl, 
m that the* eeuislie lime* anel e*eme*nt mixlure* will contain feO per e’t*nt 
e)f each. The pigments tluekt*n the eoabtnr anel prevt'nl it from mn- 
ning utieler Him te*mpt*ratnre*H anel give a boiul tee the* brush eemting of 


The city of IVrth, Scol.lund, when* very ptiro wntor in tihlauiotl 
from the 'Tay, had (heir wal-er-pipes (’(lided with n .Nuhiliim nl' iiidia» 
rubber. After 25 yeans of use ev('ry pipe under a inehes in tliaineier 



had bec'ii eomiiletely idosiMl by ettrruNinn. In 
many eases where the ordinary eual (ur dip 
had Ix'en us(‘d on the waler-pipi's it >{'nleil 
off in strii's and was diseliat'y‘‘‘l at the hcuiM* 
servieed.aps. 

A pip('”dippinK tank beiu|^ reipnred for 
Honu! steel riveted pipes, Iti to .’tt) ijHda-.H in 
diameter and 2S feet loiiy, was evtm |iori/,ed 
from (lid niatt'riul in tin* eontraetoj's sard, 
and is shown by the follow inn I ie, 2 1 

An oil 1 1 loiler-shell It feel or more in diameter 
and 2() feel lon^ was lilted wit It ji -dii-hiK 
dished wroUfrht iron Ihin^e 2 feet or imue in 
^Yidlh all around, riveted to the top i-nd of 
the shell. This .served as a workitijL- platfomi, 
also to eideh and return (he drip 'Hie other 
(‘ud or lower one of the sla-lt was riuue.l and 
eaulked to a east Iron plate head widt h ear 
vied on its inside faee a eoueenfrie liaoi'e in 
till' eetilre. to whieli w.as ri\ele»i .team liidti 
a wrought iron pipt‘ nentiv a.’» Ittii}' a*. the 
nul.er boiler .shell. This ilisiile pipe uje* elo .et{ 
Bteam-liKld by a eotdeal hea.l that aln -fi vetl 
as ^'uide for the pipe when it entered the b.ath 
of pipe dip, rill* bottom flange was f.appeil 
for stoam- tmd drain pipe eomteet ion *, wideh 
Wert' (lilt'd with the tistial w»*rketl from 


Fig. 21. — A |iipc-dip])lnp: thn surhiet' of tln' ground, in or on wideh the 
tank was ereett'd. Tin* nnmdar Mp.aee be 
twooii the eentre pipe, aiul shell wa.s (illed with tin* eoa! far or other 


pipe tli p.tt) lie applit'd tti the pipt', whieli was kept h««l bv tlie stewm 
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coated kept the bath mixture well stirred up and ensured a nearly 
uniform quality of its ingTedients. It is obvious tliat tliis compara- 
tively inexjiensive device is atlaptable for many occasions that would 
not warrant a more (‘xpi'iisive plant. 

A largin’ slu‘11 eould be fitted with a number of the eonical- 
hi'aded pipi's with tlunr separate sU'um- and drain-pipe connections 
and be available for dipping a number of piju'sat the same tinu', and 
would certainly ensure a more reliable coating than where the pilies 
are imnun’si'd in a long horizontal tank. 

.'XccuoxiMA'i'K Uiu..v'nvK Tost OK Vaukiuh Pipk-IIii’h and ('oatinos,* 


Aiipi'iixiinnlt', Cimt of 


.■Viiiiiiiiit ill’ NUCcriiil for 

<Uiii'i’il 111 _ Ono •IK-inoh 

('iiiiltiig. Ciml unn -IS Apiird^itimU) I’ril't'M, I’ipo, Ap- 

iiii'li I’ipt*, UJ proxiinaioly 

I'l l.iKiK, Iiy.l Hii. Kt. 

of SurfHon. 

('nidi' Ini' ;i‘l gnlM. SH.OI) imt hhl, (.*>*2 gnls.) $0.22 a 

Pilch 5 " .’•).()() " " " “ 0.50 

Pitcli nml liasccihoil .70 

Ik i'l.' b. dip 20 11)M. I -IT) .00 per ten .*1.5 

Minernl dip 20 " 75 00 ’• " .75 

P. iVr It. nniverHivl pnint U khIm. 1 .00 per gul. 1 .50/i 

P. i'l’ H. rulicrine U " ! 1 (M) " •' I .noh 

'I’nr viirulMli. t| " O.IO " " .15/) 

Dillch vnniinli " j 0,2.7 '* “ .10/) 

Hnliin's hnked jnpnn l| " I 175 “ " 2.00 c 


It, Ahetil 50 jjcr ccid ef thin wnn hint liy cvnperaf ieii, 

/), IsHiinmlcd c(wl ef ihin centiiig nn npplicil with ii hrunh. 'I'lic wnKlagc 
would he cM’PNNivc as a dip, hut the dip in (Ijc only prainical way for iN u*<(‘ on a 
Ini’Ki* acalc, lanict’ the (iKiin’s are not Htricdy confin. 

c. 'riiin coating r«’(piircH a compnralivety cxiM'univc jtlant and coivsidcrahlc 
skilled lalint, which would largely incnaiiw the total coM. 

* *' 'i‘he Maiiufaclun’ anti biHjwciiiin of (‘a^t iron PijH's." 'riais. H, Wigginn, 
P.1'1,, boHlon. (*iril JunjiiHtm' .Uwria/)/i« Journul, IHOSI, 



ClIAITKH XlII. 


GRAl'IUTH AM) (iUAlMtrri: I'MNis. 

Carbon assumes in nature thn'c allnivopie (’KniiN, \ h ,: l)iantnnil. 
graphite, and amorphous earhon. (irupliile itM-li’ n>>unies ilirfi-rcnt 
forms, some of which arc amorphous and othem slriefly eryntnlliia' in 
characitcr. 

If tlic three allotropie. forniH of earhon hiul eueh a eimrueleri.Hlie 
uamc, no confusion would he liahle to arise in speukina uf thcaii. We 
speak of the diamond and of graphite, and each is elearly delineil. 

Ill speaking of the third form wi* are limited tn niuurpluut.s mrinin. 
This form is found in certain stages which an* not strictly ntuorphotis 
or granular in eliaracti'r. Coke, for instance, is one form ; the otheis 
are the mineral grapliite.-earhon or graphite, termed foliatctl (llnkei, 
amorphous (granular), ('tc. (Iraphite is found in many pnrlN oi the 
world and is of various th'gns's of purity, ranging from ilfi too\er!!l> 
])er cent of graphitic, carbon in tin* foliated form am! 20 totiO per cent 
in the other forms. 

The foliated is a designation for the tliicker flake.s in the Ce\lon 
and like varieties, whik' flnki' is nseil to designate the* thin flake- of 
the ]mrest brands, similar to the 'rieonderogn mine pnuluet. 

Tlie (lorman (Bavarian), Silu'Han, Mi'xiean, ami .‘<onu‘ Amerie-nii 
varieties are amorphous and vary greatly in tin* amount etf earht.n in 
their composition, as will he si'en from the' folleewing nnaly.’^e'»: 

The purest brands ('I'ieoiideroga iiihie) have* a spe'edfic gravity of 
1.21 to 1 . 4 . The amorphous varietie.s range' from l .so fe» 2 , ‘do to 2 7 h. 
When pure it is [lerfeetly opaepu', iroii-hlaek or at end gray in eolor, 
with a metallic lustre. Its hardn(’H.H varies from I tee 2 , nnel it cott" 
ducts electricity nearly as well a.s tht* metals. 

Pure graphite or minerals high in graphilmearhoti grim! aj»*i feel 
greasy, and are repellent to moistnn' and oil Flnke-gniphite aUe.ve 
80 per cent in nnritv. hv 1 o>nr t.ni.in'nf 


agaiiiBt J U) 2 for graphite when it contains hf) to Ui) per cent of carbon. 

Till! Ceyion, CinnlxTlaiul, Indian, and Aim'rican flake varieties 
are the purest in carbon, and are used for pencils, cruciblea, lubricants, 
Btove-polish, foundry facings, etc., and to tone up the poorer varieties 
for many purposes. 

luiliati'd graphiU'S, though used for pigments, are not as satisfac- 
tory (for reasons giviMi henviftt'r) jus the amorphous variety, that, less 
rich in carbon, contains other miiu'ral subatanci's, non-corrosive, non- 
abaorbentof id.moHpli(‘ric. moistun^ and gases, citlu'r as individual sub- 
stjuuais or colli'ctivcly as a natund minend compound. That this 
feature may be duly considi'rcd wlu'ii a grapliite iiignunit is to bo 
sidccl.ed for a h'rrio struclure tlu^ following nnidysi's of amorplums 
graphite from a mimbt'r of widely separati'd niiiu's arc givi'u: 

AnAIA'HKH (II- AnUHO’IKiCS (JuAI'IIITK 



.Silit'niui niid Uermtui Mu»e»t. 

I.tikc auiiprior 

U B .'V MinaM, 


I'cr I’eut. 


Car ('out. 

(Iraphifcio carbon ..... 



2,S.;b) to 33. -18 

.Silica na HiOj,. 

13.20 '* 37.70 


‘10.07 “ 37.54 

Iron Htilnl»lo m FcgOi,. 

*' inHolubU' . . . 



1 3.05 " 4.02 


4.22 " 1.25 

Aluiuiiia as .MgO^ 

('jih'inin as ( 'at i . . . . . 



16.00 *' 12.35 

0.99“ 1.02 

Miitfiii'HiiL JIM MffO . . . . 

\ l.tm *' 1.20 


Carboti dioxide, waU'r coinblnad, 



dtuin cuni|itmiidM, iron 

|tyriU*a, vola- 



tile matU'i'niut loaa .. 

4.00 8.2*2 


2,58 “ 1.H6 

Sticcific gravities. 

2.25 to 2.79. Crolor, gray 

or drab. Ilardnota, 


1.5 to l,S. I'nicture, gnundar. 

(Jrapldti* frmn the Wisconsin mines analyzes, viz.: 


(Jrnphitic carbon ... 72. (K) Ui 74.00 per cent 

Irj.n aside 7.10 " M.OO " “ 

Silicn 10.00 12.00 “ 

.Mtuninn 8.(K) * trncc« 

Water and luulctcrniincd 2.00*' ** 

Tlu‘ Mexican graphites are amorphous in character, are high in 
carbon, ami have had but a limited Ufit* for pigmctits. When contain- 
ing about 80 piT cent of carlxm they arc Indti^r suited for lubricants 


or veliiclo, mid nro nciirly as uiuixidi/.alih’ from uinisttin', nfiuns|ihcrit: 
hdiiuuicc'S, (jonibuslion, and nllior gusos as jinrt' i-arhuu. 'I'hfy art' 
of an agrconblo color mid good (‘ovcritig power, and lhe\' work well in 
coiubiiuvtion with olhor ])ignu‘nls; How, liold. or eniTv well in tin* oil, 
and arc as easily bnislu'd oul. to I'ovi’r as niueh Miiinee as any good 
paint. They are not ri'pollent to the oil, do not s<*parat<’ from it, 
nor set in the paint pot or barrel on long storage, either us a pasti' «ir 
paint. They are wholly self-supporting as pigments, {•oniain no 
elemental siibstauees that tend to reduce them to a huver plane by 
oxidation or shiekiiig in llu' presenei' of moisture and gases. They 
rwiuire no body stn (ling, ('itlun* to bond them, nr (o keep them qniel, 
or from curdling or crawling during or after appHeation, ami tliey 
contain neither acids nor sulphur. 

They are entirely dilTen'iit in eharneter nml composition fr«)m 
the so-called silica graiihiti'S of ennnueree, many of whieh resembh' 
oarlionaceons sehisls or iinpiin' soapstone, or are eomptiuniled from 
flake-graiihite and mint'ral suhstiinces of tlis.similar character, sueh 
as barytes, siliea, fiiriuice slag, etc. These .sj-veral .Mib.stamms, rveii 
if they are non-eorrosive, or eh'elrieally or chemteally passive of thi-m* 
selves or colleclivi'ly, when ussendiled in a paint ennnut be as reliable 
as are the same siibslmici's iiieorporateil together by tin* pmn'sse.'i 
of iiatiire, each and every partick' of which is iif the same pb\sieal 
and chemical comjiosition and etiunlly alTeetetl by ihr \ehirle, 
atmosphove, or otlun- conditions that alTect a paint, 

They have not llu' merit of ht'ing .synthetieul eompoimi!-.. \*o 
human care in the. nu'clmnieal processes of grinding and ndxing them, 
as a compound pignu'iil. or paint, cun arrange them in M-nm-m-r or 
in other than a haiihn/an! inamn'r. 

(Silica gi'ap]iil.e paint is oi a dark, Hfelcs-i brown i not objt t’ftou.d»k* 
on the enclosed iroinvovk of a building, but di-eidf-dly for more 
prominent positions. .Hence it is toned up by rerl Ira.l or ofhor lia- ic 
pigments of agre('!vl)le color, but at an increased eo.Ht and a e.»n!! ibriod 
olemeut of danger in ll>e disinlc-gniling of the paint whem-v.-r hydiic- 
sulphide fumes reach tlie red l(<ad in the coaling 

Iron oxide is .also used for toning effects, but the natural rrd hmun" 
tile oxides are not strong enoiigli in color in materiallv modifv rho 


if th(' brigliU'r red coppt'ni.s oxuh'S art' us('(l. Tlu>ir .sLroiig sulphur 
clcnu'ul. S('lH into action an an(a;j;onisni bctwcaai ('vory (‘Uaneiit in the 
coatinju; and delays llu^ drying of the paint, making neci'ssary (‘xc('H- 
sive anumnts of si rong dric'rs to counteract (‘ven a small pc'iau'ntage of it. 

(Jraphite jjaints are noted for being slow dricu’s and recpiire a lib- 
eral use of driers to g(>t a firm coating. This is more' apparcail with 
llake”graphit('; its (locenh'nt form and oily naturt' pr('V('nt th(‘ vehicle 
from bonding it. 'Phen' is a inoveiiumt in the paitd during the whol (5 
process and period of drying that ('Vc'ii tlu' sharpen’ and more angular 
form (tf tlu' silica or barytes added cannot, wludly overcome. I'dirther- 
more, tlu'se' su])slnnees bring their own pecidiaritii'S into tlu' coaling 
and forcibly demonslralt' tlas unreliablt' eharacten’ of all compound 
paints. 'I'lu' great(*r tlu' nundun* of substances in a paint tlu' less 
depeutlenct' can lu' placed upon tlunn tt) work together ft»r a durable 
coating. An aci«l and jui idkali will clunnicully form an innoxious 
wholt', but this (sr similar action is dangerous in a drying jiaiut and 
genierally proves detrimental to (he ceiating or cov'eax'd surface'. 

High'-carbou graphite is so easily ailuUeralt'd with soapstone that, 
if a pound of it lu' ground with three pounds of soapstone (spe'cifio 
gravity 2.7), ueithi'r the eye nor touch cati deUnd the. adulteration; 
e»nly analysis will show tt. 

draphiti' is out' i>f tht' lightest ])igm('u(H. Its Hpecific gravity 
ranges from 1.21 to l.l to 2.dS, whih' zinc oxidt^ is asiihaltum 
l. l It) I..S, barytes l.o to i.7, silitni l.h !«> 2.K, gypsum 2.1.1 to 2. 25, iron 
ttxiile 4.7 to .7. 1, whiling 2.2 to 2..S, reil lend P.t)7, white lead (1.42. 

'I'ht' milurnl drying of a liuset'd or varnish coatijjg is in tht' fttrm 
of a tdo.sely wtiven web of a fine fid»rie. 'Phis sl>t)ws plainly ttn a freshly 
drieil or tlrying surface, ami explains the rea.son why two or nmre 
coats are nect'ssary (t) give a smottih foundntitui for the last tir polish- 
ing coat. Pinch stdisetpieiit ctiat iills the interstices of that umler- 
neathit, each ettal repairing the other’s ilePieit'neies, as inHnyfoldsnf 
n tint' nm.sPm will in the aggregate muki' an mletpiuli' covering from 
heal ttr light. 

Now, it is the fimctitjn of a pigment to (ill ihmv cellular forma- 
tlttns in the tlrying veldcle, t>r rather, while being applied with a brusli, 
fnr ihi. siioms of the oitrinent. tnechaiiieullv firraiiged in brushitifir out 


' 

pigment and tlu' voliieh'. 

If the pignu'iit atom Ix' siilinlercd like a sliver of idass. ur of ludy 
length and In-eadtii lib' a (lab-, then iht' iininral eellular rormations 
in the drying vehiek' cannot he realized. Siieli shaped pigments are 
arrangx'd with tlu* shni’p(’st angles and etlges upriidil to ihe ilr\ing 
surface, and arc not W('ll eoven-il in or <'mltedde«i in tiie nil. h.-nee 
dry with a rough surface' tliat will hold moisture and dust ami qnieldy 
decompos(Mind disintegrate' iht'm Imm ihi'ir bed, when na»re tnoi'Uure, 
cinders, aitel elust take' the'ir place' emd the e'vcle ed uetioee i'. repealeil. 

The rough charac.te'r of tdl peiint cotetings contiiininii •'iliea, b.'irylt's, 
furnace slag, etc., is disliiuhly uppjireiit to the* lean h. A lound imirble* 
does not l)('d itse'lf in a ce'me'Ut as well ns the eubie.nt hloek Imm uhicli 
it is made', lU'itlu'r doe'S ft heacl^worn saml or a ipiiek'.and atom, 
with the best of ce'nu'Ut., make a good mortar for Ihi' -^.’ime rea'-on, 
Tlui splinters, (lakes, iind rotiiid iitom.s are' more' easily reni«)Ve>l fru ii 
their Ix'ds than a S(|uar(' tUoin. 

lioth the amorphous and lhd<(' graphite* pigine'etls (not a'.'-oeljtlt*d 
with femagn substance's eis jiduhe'ranls) being eh'eiro neg.-iiive, ;iri* 
less affeeleel by eatalytie* eer e'le'clmlytic action ciiet-^ed bv li>e jee\la' 
liositiou of elec.tro-positive' substances in the coeititig t*r surfeict* 
covered, e)r by hyelree-sulphide' gnse-.s, tlnui eeny fhiH» uf pigieeenis, 
lainpblac-k ale)ne eexea'ple'el. This is n vahuible* h'ature in !en\ peiint, 
whether applieel l,o ireeii eir weieeele'ii beidies, jind in the fninre will in .me 
a more exte'iideel use' eif gra]ihi(e' paints in.ste'uel of the iron oxides, 
and oomi)oundt'el eir patent ptiints, to the* e'nreless ets,. tif whieh mo- 1 
of the eoiTosleai in preegre'.ss upem impnrtiint fe-rrie* sirm*lnre'. i. di« 
rectly traceuible', 

As a general rule graphite' minerals that e’onlnin ub.itit It) per 
cent of graphitic c.iu'bou have' preive*n tee la* Iwller bir pigment^ ihan 
those richer in carbon, fen* tlu' reaseam give'ii bt*ft»re. ilie prineipjd 
one being that tlmy are bss repellent tee the- eiil am! bond better to it. 
and do not a])pear to be' affe'eded ley e’eeinleuHfieiu guseN, 

Araorphoim graphite e-eeatiiig applu'd tee boiler hdwM exp.wd to 
inteinal filing and thei ae'tiem eef luit ^vate*r uiieh'r pressure of eighty 
or more poumls pc'r seiuare' inedi fetr (wee years was iminjured nml 
fresh as when it was first applieel. 



\V('r(> rcplacc'd, ('ucli !ul('i‘iuitt' hiln' was coaled willi Luk(‘ Superior 
graphite pnitil, the others being imcoaled. At llu' end of over two 
years a number of tlie tubes weia* removed und tlu'ir eonditum as- 
e('rlaiued. 'I’lu' uupaiuted oiu's were' again eov('red with the hard, 
(linly scale, that nnpiired the us(' of a boih'r-scraper to iHUnove. The 
])aiute(l tubes wtua' eovei'ed with a light (loecadeut coaling of tlu' scale, 
that cmdd be blushed (jIT with the lingers, showing th(' bright, clean 
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paint beiieatli it, Tlu* lubes were* pitted with rust in spots and 
Htrcaiks wlnai th(*y wc*re first n'limved to la* cleaned. These* show 
in the photograpln but the eetiTosiun was sttspped by the paint. The 
light -colon*!! scale-deposit was left on part of tlu* tube*, and shows 
on tlu* sides (»f tlu* figure. 

Pieces of iron coateil with graphite paint and dipjied in murmtio, 
Hulphuric, and idtric aciils, ami allowed to ilry with tlu* acid on theui 
HhoW(‘d at tlu* c*ml of nincn*cn jluys no injury to the eontingH. Other 





paints. 

Wliilo tests of puiiils are not repinletl liy inui!\‘ I’liiUta'fr.s as 
iii(licaiiv(! of tlu'ir vaUui (o resist tlit' ordinary iiiilttctu'e.*^ upon a foat • 
iiig exi)()sed to wcaitlu')’, llu'V do show (hat a eonlin^ that can u itlisiaial 
tile above si'Vi'iai h'sls is (‘('rlaiii to liive inoro sat isfaelory rosnlts 
in its gt'iuM'al iiS(‘ than (he niaiiy eoiuiin'reial paints whoso low priec 
and not their pro(('eli\'(' ([ualilies is their prineipal reeonmieiidal ioii. 
They also show' that, if tlu' conditions to which a coatiiiji' is to he 
snbjeeh'd are known, it can p;('nerally lie furnisiied to snecessfully 
meet tluan. 

Other tests of f2;vaphile paints in competition with other eonuner- 
cial paints are fi;iven in tlu‘ followiiif^ chapters on paint tests. Ida* 
a roofui}!; paint the f^raphites hi^h in carbon, of themselves, or mixed 
as silica-graph it(' compound paints, ari' of marked excellence. ‘Utey 
do not hardi'ii as rigidly as tlu' iron oxides used for roiding purpose.^. 
They endure long e.xposurc' to tiu' sun. hence tire les.s liable to ci'fick 
or flake o(T, and they follow without injury the expansion change.H 
in the inetal they covt'C. 'I’heir darker color and higher cost coni” 
jiared with iron-oxide puiids used for roof eoatiiigs are more* (linu olTset 
by their better jiroh'ctive (nudities aud longer lift*. 

Klccln'r-fiirntirc (tniphitr. 

lI'oAvt'ver engineers may differ fdxmt tlu* respeelive merits of a 
low or medium gradt* of umoridious-gruphile mineral for a straight 
paint e.oiuiiart'd with a flakt'-graphitt* and .silica compomul. their 
attt'nlioii is llalih' to he attracted in (he future to a new product 
that has entered the field for a pigment, under tlic name of 

“/tc/awm (Irtiphilr." 

This substance is an amorplioiis-gniphite pigment of higli carbon 
content, W'iiose ])hysieal eharacl or seems to be malerinlly dilTefeiif from 
the high-carbon mineral grapliiles hcrt'loforc used for paints. Ah hough 
amoi'iihoiis or granular in charaett'r, m compared with tlie otlier 
forms of graphite, such as the (lake-graphites, it In ueverthele,^> di'- 
tinctly a graphite [iroduet, and eou(ains alwoluiely no trace of amor- 
nhous ((arl)on. the mmie oKindh" o. 


I I 




ity iH z.zi). ii la ground dry and air-iioaU'd lo an oxcoodingiy lino 
Htalo of HubdiviHiou and of groat unii’orniily in size of the individual 
particli'a. 

ItB amoriihouB character renders it far leas repi'llout to the oil 
than thi^ natiu'al graphitoB containing approxiinati'ly th(' saino pi'r- 
wuitage of c'.arbon. This quality oauHos it to roinain in place in tlio 
oil, and it m not an easily moved out of poaltion by the drying action 
of th(^ vi‘hiclt‘, as is tiu' casi^ with a high-carbon llald'-graplii((‘. 

Aclu'Hon grapliih' uhihI with a boik'd-oil vehicle will wt in the 
coating without the aid of any iiu'rt Hulmtancii to hold it in placi' 
whik' drying, Used with raw oil, it ri'quireH a driia* to Hecuri' the 
initial w't of the paint, particularly if the coating \h to b(' an ex- 
ternal OIK', expoainl to tlu^ vicksitiak's of weatlu'r. 

ItH manufacture \h {'utin'ly unlike that of any oilu'r pigment, and 
ia ahown by hig. 2H, illuHtrating the styk^ of tlu! spt'c.ial (‘k'ctric furnaci' 
lused to produce it. 

In mamifaiduring graphite in thia way, anthracite coal is heated 
BCW'ral hours in the ek'ctric furnace by means of a powerful eleiitric 
curri'iit, appro.ximating lOOO hoisi'-power of eiK'rgy. The tempera- 
turi' of thi^ mass of coal is raised to a point wlu'n* tlie earlion is eon- 
verti'd into carbides of the various eon.^titnents of tlu* ash, which 
in antliraeiU' coal are very evenly distriluileil. Tht' temperature is 
then earrietl to the point wliero the earhides are decomj)os<‘d, aiul 
the principal constituents of the original ash, silieou, iron, sulphur, 
aluinimiin, t'tc., arc^ driven off as vajHas. 

The n'sidue nmioved from tho furnaci* is carbon in tlie fonn 
of graphite, perfiuitly free from any trace of the amorphous carbon 
or coal from wliich it was proilnci'd. Its method of nmnufactun' is 
probably a duplication, upon a small senk*. of the procesK by vvhicli 
the natural graphiU’s wens fornuHl in the earth Tin* purity of tlu* 
product di'pends upon the temperatun' to which it has lii'en raised; 
for commercial purposes, it contains aliout DO pi'r cent of cnrlHin. The 
10 {ler cent of ash still n'rnaining in the carbon is jinicfically m inert 
as till' graphiti' itself, and intimati'ly asHoeiuted with it. Tlie funiacc* 
jirodnet is liroken up, and the grades snilable for varioim purposes 
wiparated. Tho grade usc'd for a pigment is pnlvi'rized to an im- 


for ail ideal 2)aiul. 

UiiforUinately, there is no Klumlnrd ft*r u gruiihite |mint ns tiien^ 
is for a 2)ur('“Wlii((! or I’etWcnu! iinint. 'riic conwijtienee is, tlmt uh<-rt‘ 
grajihite paint is spi'cilled by (he ongiinn’r, In* is tu an extent working 
ill the dark, atul does no( feel at all sure but lhal the etialitig will bt‘ 
spread from some one or otlier of the ntniiy abojniniitioiw under tin* 
guise of “mixed paint," (hut has not an aban of graphite of any 
kind in it. Ki'pidalion of the nmnufaeturi'r or thailm’ in gruphitt^ 
pigments or iiainls is (nul(' as (‘.Hsetdial us in tin* euM* of the load and 
zinc, prodiudnS. Adullnralioiis in a graphite-mixed paint are more 
easily eoiKK'uk’d from (h<‘ ey(' (hun in llmw* haling a lend or zina 
base, and are equally, if not inon*, annoying to iht' etigim^er. 



CIIAITER XIV. 


B K H .S 10 M JO U, 1* A 1 N T . 

A Hi'iociAi. jiignu'nt, clainu'd to bo of tlio iin'rt cliisH, liius lately 
coBie iiiU) UHt' to rci)lac(' oxicU; of iron tin a Ktraight ])aint for fc-rric 
Htrueture.M. During; the nliort iK'riotl it luiH been upon the market, itn 
use luus been attended with many favorable resnlts. It is a (Ic'rman 
deve]oi)nu'nt, aiul iy rc'porU'il to be tlu' pnlvc'ri/.c'd slag from Jh'HHO- 
iner biusie proeenH Hteel fnrnaeeH. It in (daimed to be fr('(‘ from the 
Hiilphiir and phoHi)horie aeiil elomentH that are iiKUally present in 
iron-oxide pignuMitH. 

It is pri'pun'd as a mixeil paint rcauly for hhc. The finely pnlver- 
is!(*d rnniaec' .^lag is gronnd in Jin.seed-oil containing a small amount of 
one of the copal resinH that makt'S the paint coating v(‘ry ('lastic 
evt'ti afn'r long «>xposnrt' to the Him. 

It is claimed to Hpri'ud easily, covering lOOO Hipiare fei't p(‘r gallon; 
but to do tluH the use of short bristle brushes is recomnuaichHl, the 
(’ffect of which is to rub out the coaling V(>ry thin. Ihit however 
closely the paint may thus la* forci'd into c(mlnct with tlu' surface 
l)('ing coverial, it ciuuiot Ik* as well protected as when' tiu' imint is 
spn'ad by long bristle brusiics, and a sullicii'iit amount of painters' 
labor and time is given to sprejid the coating, ''riu' pigment is not so 
det'ply embedded in the vehicle, nor so well \irotected or bonded U) 
tlie coati'd surface as it is when spread ovi'i* a smaller arc'a. 

He.Hsemer jiaint in its natural color is a veiy dark gray, though it 
can 1 h‘ made a lighter shade by tlu* aildition of other substances (not 
of its (jwn naturi'1 to tint it. In tliis ease* tlu* ctmting will be no more 
durable than the life* of tlu* most pi'riHhnhh* ]>igment in tlie paint, tiB 
is the ca.He with all comnonntl naints. 
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associated pignunit or substance from the action the utnuwpherc. 
All slag pignu'iits arc electro-negative to the luelallic biine pigmenlH, 
and to all of the nu'tals that constitute a part of their cumpusitiui\, 
also to tli(^ metallic surface that is coated with tlunn. 

Insulating qualities are clainu’d for Ih^ssemer paint; hnt othi'r 
paints frc'c from miaatlic oxules also have Lhin epudity, 'the in.sulat- 
ing qualities of any paint are ilu(‘ to the vehicle more limn to iheitig- 
ment, with tlic single exception of india-ruhher. In any case, a paint 
coating cannot resist electrical curixmls of high ijotentinl; to mod- 
erate or low potential tlu' iiisnhiLiou woultl he lUiiir or Itw re-^Lstunt 
accordiug to the amount of n'siimns matter in tl»e vehiele. In 
this respecit llessemer paint, containing as it dot-s n Hiuall amount 
of fossil resin, wouhl he bc'.tter than a paint eontaining none. 

Common ix'siii or n'siii oil should not l»e suh-^itituted ft<r <*upal; 
they are not (h'sirahle t'lements in a paint, us they dry hanl and 
(irack the coating or caus(> it to cnmihle aial ruli olT after a .-4it.rt 
exiK)suroin tlie op((n air or sunlight, and they iiroiiiote corro.'4on. (St'e 
Paint Tests, ChapU'r XXIX,) 

Pulveri/aHl miuend wool has been propo«e<l for a pigment. It in 
a furnac.c slag riven when in a molten state liy a current of steam. 
Put merely pulveri'/;ing it imparts no protective value to it hir a 
pigment. It is acid in reacthm, eh'ctnHiegntive in chameter, and 
when use'll for cen'oriug Hleam-pipe.s uv either fe-rric iKKlifs, on becotiheig 
damp is a virule'iit agent for promoting corrosion. A samph* of min- 
cral wool analyze'd by Prof. MgU'stnn. of (’olumlna I nisriHity, gavt' 
the following ivsnlt: 
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iUuUysLs of bla,8l/-funi!u;(i .slaju;, ami with it may be taken as representa- 
tive of this class of sul)stanc('H. 

No analysis of tlio Besseiue.r pi^i^meut is given by the manufacturers 
of tlu' paint. It is, howeV(n’, sup[)oseil to l)e a tcU.ra-basic ])hosphato 
of linu', containing about 20 per cent of phosphoric acid and 50 })er 
c('nt of lime, assochated with other mineral and metallic Bul)stanccs 
in HcBst'iiK'r iron ort'S. Some of these substancea are partially con- 
suiiH'd in tlu' w«)rking of the furnace, and the balance jliixed off as 
JU'SHcmer basic slag. 

B('HH('mer basic; process stcu;! was made by the Pottatown Iron 
Co., of Pottstown, Pa., for a few years previous to 1S!)3, and the pul- 
veri'/tal slag was sold for a h'rlUizK'r. Sinc.e ISU.H the basic process 
for making stc'el has been suspemU'd in America, and tlie slag is now 
procured from (lermany. 
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An analysis of 

blast -rnrnnee' shigH, the ine'an of 2001) sampleH 

from furnace's working on gray forge' pig iron, is given for a comparison 
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Jilast-fiirnace slags are ac.ul in rc'action, while' Ih'HHt'nu'r slug ia 
basic or neutral. Both are pyrogeuie hotlieH uiudToi’totl by iieat. or 
sunlight, and neither is oxidized by Uu* atmosphere. 

A Gcriuan chemist* gives the analysis of Bessetuer paitil.nH known 
to th(5 trade in Germany, lus follows: “'I'iu' pigim*ut enjitains baryta, 
alumina, iron oxide, lime, silica, zinc oxide, Huljilmrie nehi, carbon 
dioxkle, and phosphoric acid.” No delinlte p(‘rcentng(*s of these 
substances are given in the anulysw, nor any mention whether tlu'y 
wore separate constitueiils of the puitd. nweinbled in tin* pnu’ess 
of grinding and mixing, or that any mnniier of them wj*re hautil eom- 
binod tog('.ther as a singlt' pignamt. “Graphite jtr other enrbon is 
used as coloring matter, and linsei'd varnish ns the vehiele, tnrpentiia' 
constituting the dru'r. 'Hu' presumptive conslit of ion is, theiffniv, 
lithoponc, or siliciouH calamine ore, coutniuing barvta ami chalk, 
together with graphite or oilier fonn of carbon, and lin-sriHl varnish 
(with probably turpentine as a drier). When treiited with hydro- 
cliloric acid it diaengage.s siilphurotwl hydnigem" 

There are many formula' for compoiiml pigment paints in this 
country, each of Romt' dc'clari'd exci'llence by tin* inamtfaetuiejs of 
thorn, if not by the hut it is dithcult to select one that for the 

varied composition will ('(jual this German prmluet. Whatever may 
bo tho composition of tlu' Amerioan liraiid of “BoKHemer paint.” it 
appears, from tlie above, (h'scriplion, to lu' wholly unlike tlint of its 
German namesake, and is oertahily snperior to It for a ferric paint. 


* “Aaduw' Iron (Jorroiion.” 


CIIAPTIOR XV. 


NATUUAL-lUH'lv liYUllAULlC CKMKNT. 

ITYnuAULKH’MMKNT coiitiugH, (‘illu'i' HI Iho fomi of a plaster coat 
Isiid ou by a trowed or as a wash or brush coaling, have not been umch 
used for llu* i)rotetUion of h'rrie slnuUures as a substitute for paints, 
though its us(' as a protc'ctiou from corrosion of iron embedded in 
masonry is common ami its value fetr this i)urpose uiuler certain condi- 
tions is re'cogiuzetl, 

IlydrauUe (‘eiiumt made* from tlu' ground mineral varies greatly 
in (pudity, its general eomposition after calcination, that makes it 
causlic and atdiydnnis, bediig: 

Lime HO to KO per cent 1 

(lay 25 " -10 “ “ > Spe'cific gravity, 1.6 to 1.0. 

Iroii oxide.. 0 “ M “ “ ) 

Silica, sand, magne'sin, Huljdmr, and many metallic oxide's are also 
jn’e'sent in Honu' amounts in many vnrietie's of tlu* hydraulic miiie'ral, 
all e)f which affe'ct tlu' epiality of the ce'ine'Ut unfavorably when it is 
use-el fen* a meirlur, ut\d are tnore* eebje'ctiemable* when it is lee be UHenl 
for a e-oating em ft'rric beKlitss. 

The ndulteralion e>f mineral hydraulic cement is gemendly, fnim the 
same elass eif miiit'rals of inft'rior tinalily, with fr(*e snnel, silica, an<l 
irem ores ceuitaining sulphnr in tlie feirm ed sulphieles, and all are imper- 
fectly remslcd and pnlve‘ri5?t‘el. 

Their setting tj unlit y and strength are very irn*gular and imcertain 
wlmlev(*r their trade name, nr the manufacture'r’H rejiort eif the largo 

nn«in I unto 
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Tensilo Htronp;tl\ of Iho. noal ('(mK'nl fi( tlu» fiul uf 7 tliiyn (H{uiUi» 
613 pounds; at the end of 2S days, .S(H) ptmndH, with nm* part of 
ccinout and thvco. pavla of sand fur tlu‘ Hamo pcriiMlH, 22K and d(K) 
pounds. 

The oorupoHitiou of a nalural-r(u*k hytlrauUr cciuont from ('hnlta» 


nooga, Term., is 
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It is a natural Portland (u'liu'nl Himilar in rluirnrior, Inii mij«'rior 
to that found at Boulogne, I'Yanee. Tlie t’hnttau«Hjga ilfpoNii U in 
the form of layers, and is over 50 feet Ihiek. After enleinntioti at 
a wliitc heat, the following are the average* re'Hulln from a uumlH*r of 
tests of hruiuettes. 

After an exjiomire of one hour in the air and 23 Imtirw in wat«'r, 
the tensile strength averaged 235 poumls. After tan* tlay in tlie nir 
and 6 clays in water, 623 pounds. After one day in the air and 27 
clays in water, 797 pounds. It is liie Htrougent natural-roek reuient 
in the 'world, 

Portland cements are conunonlv made* from a dvml {‘cmdiinafum 


o. luucisujuc i^Hr^ujuw'ous imK'.sLono; wmi Clay, snaie, 

or hIu^i; hiuuI. 

Nul)H(.aiic.('H aro piilvcrizc'd and luixod in some proportions 
that vary with (ho difTon'iit imuiufac.tun'rH. inixtiiro is then 

calciiu'd lo nearly Uu* point of funion, or to actual fusion, forming a 
c.iiuUa’ which is finely pulv('riz('d and called Portland ci'incnt. 

Purnace slag, tlu' waste product from blaHt-furnacu'S (see Analy- 
sis, dhapfer XVI), is also used as (he base of Portland cement. 

'Hk' slag is healed in mass and (hh'IicIuhI in \vat(>r to granulate 
it, making slug sand; then dru'd and mixed with about one-fourth 
I>art of slacked lime, and lu'u liiu'ly ])ulvc'rized to form the (unnenl 
Slag sand usually contains from 0.5 to 1.5 ptn* c(‘nt of llu' sulphide of 
iron, that has a tenchmcy to oxidiiie on ('Xposure to the air, which 
action is destrutUive to (umient in above-ground situations, Slag 
cements an^ from 0 to .S hours in selting, as against 1 to 3 hours for 
tlu' Anu'ric.au brands of mitu'ral cements under test of a one-))ound 
needle. 

Th(‘ color of slag cimu'ut is a dc'licate lilac or almost while. If 
the slag sand has bis'U roasU'd prior to pulveri'/.ing, it is generally 
of a tlark color similar to the ordinary brands of dark Portland ecmient. 
If a grtHMiish color is prestmt in the cement, it (hmoti's the jm'sence of 
a large tpiantity of tlu' sulphidi* of iron. 'Phis gnumish color is also 
found in some brands of the oidinary Portland cement, where the 
substances from which it is made contain iron sulphuh*, and when 
there' has been a deficic'ucy ed heat in the oxidizing (lame of the* kiln. 

Slag cements, when mixed and exposed to the air, must be well 
covered, ('Ise' they will crack, though they liartlen umh'r water without 
sw('l)ing or any material ehange in volume'. They are ceimph'te'ly 
hydrnU'd during the' preice'ss etf inanuractiuv, elo not re'epiire aging, 
anel do not de'te'Heereite in Hteinige. 

The* chnracte'r of furnace shig and all the processt's eif its man- 
nfae-tnre' inte> ee‘nu*nt re'epure as elose attejUiem to secure a reliable 
prexluct eis is retpiireHl for the mineral eer Peertlanel e't'mt'Uts. The 
engiiu'e'r should se'h'ct a ce'Uie'Ut for a wash coating few fe'rrie surface's, 
or for <1 mortar, by its propewtie'S, not l(n nnmv, and shendtl rt*(jiiirc 
tlu* stanelard he* ele'sire*s to rc'uch tee be met by systematic and rigid 
invuP.f* nf tin* nt'meiit. aud tmttiv te*sts fn>m each in- 


Tl\e nature of ilio (‘cnuMit hius mueli tfs do willi Uh cftoetiveucKB. 
The quick-setting cemeiitH ret[uin‘ tin* most curt* in tlieir njijtlifa- 
tion, and are generally tlu' Ik'hI f«)r sliip work. If tiu' thin eement 
wash once sets in the bue.kc't it will not again set if .-itirrcHl up it is 
then useless. CJonstant stirring (»f tlie pa-stn in neciwary, as liflt>en 
to twenty minutes after mixing suIUcoh ftir it to wt if not kept con- 
stantly stirroil. 

The I’ortland cements set hIowcw than the Ainenean or Jiatural 
mineral cements, (iuieklime isHometinu-s adtltnl to delay the setting, 
but renders the cenu'iit nior(> caustie and dt^troys the prop'j-live 
qualities of the vehicle in the underlying paint, atul opens llu' way 
for moisture in the cenu'nt to reacli tin' metal, ami all of the coat 
ings soon i)eel or flake off citlu'r from tlu* corrosion of the inm or 
by the destruction of the bond het.W(*en it and the paint. 

Cement coatings, uidess spread where they are freely exjuiatH! to 
a eii'ciilatioii of the air, are damp, atul being porotin, are not proof 
against tlio poncvtnition of gtises or llc|uids. If by ne<'ident tltey are 
exposed to the action of any coppi*!* sealt*H. serup-inetal, or water 
charged with atdd or alkalitu* suhstanct<,s, tlu* s«>luhle snlls of copper 
thus formed will ponetruU* tlu^ coating, deptisit the c<tppcr upon the 
iron or steel surfaces, set up a gulvanie action, ami corntde tlu* 
metals beneath the cenu'iit coating. 

The hardness and rigidity of cement (uaUingH rentier them liable 
to flake off the metallic surfaces under Htrains dm* (iiehangesin tt*m» 
perature of tlio metal that the eement cannot follow. Such places, 
though of minor extc*!it. are generally inaccessihle, ami are tjuickly 
corroded; tins action being hastcm'tl by tlu* di(T«*n*nct* in potential 
between the exposed metal ami the ceim*nt coatimr. even tinder t.nli» 
nary atmospherio conditions. It is more rapitlly devekipt**! if aeklu- 
lated solutions or vapors are pr(w*nt, tw th(*y nearly alwavs an* aboard 
ships. 

All of these diaad vantages in tlie uw* of cement can with proper 
care be in a groat measure h'sseiUHl. if not nltogt*ther avoidiHi. ( Vtm*nt 
coatings are in many cascii tlu* only protectum that can In* uwhI to 
prevent corrosion, or to arrest it, oven where* it hiiM pn^rcwt*tl to an 
extreme or dangerous point. 



paiiu. iH iron oxuin or n it luus ikumi spri'iul ovor niilJ-Hcuue. 

'’I'lui <’,ollnpH(‘ of iinuiy Ht-uiul-jiipc'H hIiowh in lU'arly cvory case that 
corrosion vva.s the jiriiicipal cause of their failure, as its progress at 
one or more phuu-s had ri'ached such a dc'gn'o that it only neetlcd 
a small (‘xtraneous diHl.nrhance to wri'ck the Htriicture. A case in 
point is that of tlu' (iO-incli-dianu'ter wrought-iron inlet-pipes ;{00 
feet long, ami tlu' lowc'r Hi'ctions of the staml-pijie of a large wati'r- 
works (uvcd.ed in iSCiO and in nsc' only a few yiairs, when corrosion 
had (U'Vc'lopi'd upon tlu* imu'r surfaci's of the Jiipes in so many largo 
Hiiots and blisters, in siudi an irri'gnlar manner, that the (UigiiU'er 
reported “ that oviu’ one-half of the strength of the pipes to resist 
exti'i'iial ))r(‘HHure liad betai di'stroyed. Farts of tlu^ pipes were un- 
affected, tlu' milbscale and shoji-marks Ix'ing in placi', wliik' mairly 
one-half of them presented an appiuirance of being inoculated with 
poison.” 

'The ink't-pipes being burk'd in river-silt containing a large' amount 
of clay, we're comparutive'ly unaffe'cted, though be'low the wateu'- 
k'Ve'l; but it was still water, not subje'e-t to motion like the suction 
and force sides of the piju's. 

The' inside' HUiTuce’s we're scraiH'd ck'un as possible, and them coated 
with one' coat of lU'nt hydraulic e'e'iiU'Ut from J to i! inch thick, laid on 
by a trnwe'l by house'-jilaHten'iu 

'riie wiUer-towi'r was wreckt'd by a ttnnuuki in bStK), and all the 
pipe's we're found free' from rust in any eU'gren', and probably wiaikl 
have' lasti'il Inde'finilely. 

Importe'd Forllanti cement was iisc'd on one' part eef the' jiipe's aiul 
Louisville' ce'ine'nt for the' ri'st. 'rhe feinue'i’ se-t slowly anil had an 
indiffe're'nt iulhe'sktn tei (he* inju. 'riie Leiuisvilk' e-e'me'nt set promptly 
emd wees e'nsie'r to apply. 

Manv (stlu'r inslanceH eif the Bucce'ssful use' etf hydraulic ce'UU'nt in 
Blmihir situationH eendel be* citeHl. The ejUuUly of the ce'ine'Ut, the 
mamu'r eif mixing anel applying it, anel the pemonal e'ejuutkm eef hedh 
the ('iigine'r'r nnel the employt^, are* facteem feir succe'HH. hailure'S eef 
cenne'Ut ceeatings are njem' fre'tjne'iit than HUc'ce'SHt's fe>r the re*a«on that 
ij^ tlu'ir apjdication erne ew mem' of the'se reH|nin'mentH have betm 
ne'gU'cttHh* I’nef. J. M. Porter of Ixifayette; Cejlk'ges elivieleel a aam- 


.sent oacll to ailUU'n'lU. uutni.uiiiv nmi u HH- lu.u VOI.'. 

1)0 nuulc of it in a inorlar, oik' part (’oiiicn! to throe of Nutal. nreeinliii|f 
to the riil('S rooouiuu'iuU'd liy tlu' commit t('(‘ of the American Society 
of (!ivil I'iiieiiKH'm. 'I'ho n'sultiii/i: avj'ruM'e alreiiiiliiN n-ttoiied front ettch 
of the nine samples wt'H' fiH follows; Td, 11)2. Ill, l.’Kt, Idh, ttill, 17t>, 
225, 247 pounds tensile strength per sijuare inch. Aveme-.e fnr ttll 
the samj)les wtis Idd pounds, tind the lowt'st .slreiii^th wtts Imt .’!() per 
cent of the hi/j;lu'st. 

If tlKtso results ])roduci'd by experienced men in permnneni hibo- 
ratories VJiry HO much with the siuui' ctotaml. whtil \s to be expectetl 
from the inexperiemu'd and ctirt'le.ss haborer.s uho ,nre y,enerully em- 
ployed to mix and apply concrete, morttir, or cemetil continy.H? 

Neat liydraulic.-c.eiiumt. coatings cnick, tliey m-i .ho rapidly that 
tliere is always a probability of their .siUlinn before the \\orknien cati 
sprwul tlunn, and tlu* b'lult'uey of the workmen to " kin»i'k tht tu iifi" 
wlum they indic.ate setting or Inive set, instetid of tuixini* n fre^^h batch, 
is almost irrt'sislibh*, the result heinit: a cmitinij of very uncerttiin 
charaoter, “—streaks of linn and clo.se-clinKinK ceineni jiliermttina uitli 
those of dea<l cement, that readily yield to ji sliidu ehaime in tin* 
temperature of the nu'lal or eovi'red snrfaee, or to n .nlirdii {nerlnnii- 
cal injury or a frost. A stroiift: lieaf from the sun also ean.Hes them 
to flake off, 

Bad milling anti iusudieii'nt Imrning are a fretpient ejmsi- of poor 
cement, also an exet'ss of inagnesia in the linie.stone or mlded nduhi-r - 
ant. Hague, sia eanses a ehemical ehunge or disinlegrafiny action itt 
the cement when wetted in the mixing, k’n-i*. natural .snlphute of 
lime is a dangerous impurity. A low speeilie gravity and a dark- 
brown. color are indicative tif poor burning, and arc caHily »lefccte«l 

Bor the protection of iron or steel lieants or grillage, laid as tlie 
foundation or slruclurt* wt»rk below the water line t»» U* emlti-ddett in 
cemt'iit concrete, tlu* metal shoultl bt* bright tind free from inill scale, 
which is an eleclro-negativt* eleuu'ui, ami with the inoiMtnre present, 
is certain to ])rodue.e a galvanic couple with the imn it rovers nml 
promptly start tlu* corrosion, tlint will proceed imittferrnpledly .so 
long as any metal is h'ft for it to act upon. IvvcT)- atom of the red 
rust as it forms, bt'ing also elect ro-jiega live, incriawes tlu* galvunie 
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cn('r/2:y th(‘ rc'niuiiiiniL!: iiu'lul. 'Tlu' raic^ of this corrosion will jn-ob- 
ably rcchuu' tlu' beams in li'ss than one hnntln'il yt'^rs to a coiulilion 
wlu'i’e tlu'ir stnaiglh to sustain any incmnln'iit load will bo no greater 
than an ('([iml (luanlity of tan-bark. 

No paint coaling on tlu' metal can resist the galvanic a(hion, and 
it should b(> appiu'tl soh'ly to pn'vent any slight corrosion that may 
occur from the time the luelal is cleaned until it is laiil in. 

A lampblack and oil, or a graphite paint an' good anti-corrosive 
covt'i'iugs, but b('st of all coatings for tlu'S(' situations is a n'fincd 
bitunu'u and (h'ad-oil mixture npplU'd hoi. Oxide of iron, or any 
otiier coating containing electro-negative Hubstances that indvice 
corrosion under atmospheric, conditions, will only add to the slix'ngth 
of tlu' galvanit; couiih*, by bringing tlu'ir oxidixabU^ {'h'lm'nts into the 
lielil. 'Plu' naturi' of tlu^ soil in which llu' itu'lal is directly in con- 
lath. will also tioutribute to tlu5 corrosivtMiclion through the galvanic, 
couple, blue, clay or solid rock only exc('i)teil. 

(loncrcte, as generally laid, is vt'iy porous, and is seldom so pro- 
portioned, mi\('d,or rammed in place us to ('iiabh* it to fill the voids 
in its mass, and capillary action will ('liable llu' moisture^ and soil acids 
to ivach iht' nu'tal. In all such foundation work the ('('ini'nt should 
be of Urn bi'st ((uality, fri'i' from sulphur eh'nu'iits, tlu' filler should 
bt' of small sixe, and the sand absolutely fn'c' from salt or si'a-sand 
in order to minimi/.c' the dangers of corrosion. Thest' prcca\itions are 
seldom if ever taken, evt'U in part , miu'h h'.ss as a whoh'. Tlu' lu'gh'ct 
of tlu'Hi* purlicularH will soon In* appari'id in the failun' of many an 
important structure whose life will bt' measurt'd by a few dt'cades 
iiiHlt'ud of centuries, 'riial the corrosion in thest* casts is out of 
sight and mind and irreparnblt' will be tht' more aggravating. 

PtsroHihj of Ihidroulic (‘rmtnl. 

In a gt'neral way, t'UgineerH and architeet.s are incliiu'd to blindly 
trust hydratdie eemeut in many locatioUK wlu're in parallt*! cases it 
has failed, 'Flu' (luallty of a cc'inent suitable for a conen'te block 
would tiot be advisable in a wash coating fora wall or to bed an anchor 



])y nshliir nmsoiivy, \V('iv (iisiiiicp'iiicu iii i. umn n \car ny iiu» 
action of ,s(Mi-wa(('r. 'I’Ih'H' was a ni<ivi*nifnt nr fluuiMo in the rlinr- 
actar of tlu' lu'l.on, ('V('n when ()(»() to SSO pdiimls nf I’lirlluiid (■ctiicnt 
per cnl)i(*- nu'U'V of sand was used, lu parts of the wnrk wher<' they 
had not. Ihh'u ('xposed to tlu' aclion of sea-water, llie lieimt of jill pro- 
portions of (‘.('nK'iitr and sand were riot only very ptiroiiN lait very 
l)('rin('al)l('. Under a lunul of about thrt'e feet, the periuenhility was 
indicated by a rapid fall of I lie water in the vesNel where the hciou 
block W’as nndi'r l('Sl . The ju rninihililji tif thf rt limit ii'ns in nil rnsiH 
acc.()in])(UiU'(l bij <i diiiiiitriirnliiiii rjjirt in llif httnn. 'The diNinlearntioii 
was found to lie diu' to tlu* fornintioii of perri'ptibie tpinntifio of tht* 
sulphate, of linu' liy tlu* aclion of the sea-waler on tin* 1‘orllnnd crMuent. 
The sul])hate of linu', when formed In the mass of conei'ete, soiidilied 
more or Ic'ss eonpilelely in crystals of such a naturi' as to de\,a*lop (’on- 
sidiwable inohaailar activity. Somt* of the U-ton cement nualy/.eil 
.75 to .SO p('r c(Mi(, of .sulphuric acid. 

Tlu' ^ri'ater lh(' amount of walm* u.sed lomi\ tiie cement thef'i’ealer 
was th(' pi'rnu'ability and poro.sityof the conerete, I'Vim with nil pro- 
])orlions of the cement and .sand. Mortar iiunle with 7 per cent of 
water was very jieriiK'able, and this inerea.sed perceptibly ns tln> per- 
ccntafjie W'us incnvised to ten and eleven. In all cn.Mes where m'u- 
waler instc'ud of fre.sh W'atm- was u.si'd to ^ange the cement, the Imd 
effects in the mortar were at onee apparent. 

Urof. Ba.ns(^]un)^('r’s eNperimenls slmwi-tl ihni (la* tniherence of a 
first-class Portland C(>mt'nl (o a hrifilil wnm^ht'iron floor l«-nm was 
025 pounds ptw stinarc inch; that mi\ttires of two pnrt.N tif hue, 
sharp hunk .sand (o one of ctmient redttci‘d the iidhcHion to al'oiii 70 
])er ((('lit of the ahov(‘ vulm*. In iniMtircs of three parts of sand to 
one of ((('mt'nt the adhesion value was less than Titt per rent. That 
with each increasi' in the percentap* of .sand trom the idutve ninouniN, 
tlu' rednetion in sln'ii/Jith and adhesion wn.H very rapid, 'rin* t(nahiy 
of th(' ((('nu'iit had a ji:reat elTeet upon the adlie.Hion value. In the 
comiiK'rciul {'('ineids nsnully provided foreonlrnci eom-rete, the iuUk- 
sion was freciuently only 20 pm* cent of that ^iven nhuve. 

Bloxands “Uhemisiry." ('dition hS0,5. pp. :t70. .'177. state.-H 'Mlmt 
the ordinary corrosion of iron is nccomplislii d only In the pre.Henee of 


ao.soi'ifs iroin iiu> ai inospiicrc, in nccorduncc* wiui 

2K(>('()yM) Ko.O, I 2( '( ), 

The l'('aO„ combliH'S with Uu' iiioislurc' and is d('])ositt'(l as 
21''e2().,.:ill2( or ordinary iron rust. Iron in its ordinary state is 
not nITt'eted in |U'rft'clly dry air, and it ^vill not nisi in \Yater con- 
taining a fret' alkali or alkaliiu' earth or an alkaline eai-lionate, 
beiauise tlu' allinity of tlaw alkaliiu' snbstaina's for any acid is 
gr('al('r than that of iron, so that they would maitralbe the acid 
befori' it had linu' to attack the iron.” 

d’his iKUitralizing action, however, would only be ('fTc'ctive for a 
short time or until the alkaline substanei' beeanu' saturated with tho 
neid ('U'UU'Ut. d'hen' art' no locations wlu'n' eonende is used or cement 
coalings applic'd to iron for its protection from corrosion where rcani- 
iny tlu' Huliirnl('(l alkaline substance is possible. It is therefore only 
necessary to have a limileil amount of some acad jiresent with air and 
moisture to cause tlu* idtimale dc'slruclion of a large* amount of iron, 
because the (Hh or other acitls present never be'come fixed, but arc 
always tietivc*, jaissing from molecule to molecuh*, as long as there is 
any fria* nu'tul for them iti at luck. 

It is proposed to incn'Hse tlu* safeguard afforded by alkaline sub- 
stances to d<‘lay cornwlon by mixing tlu* concrete*, mortar, or wash 
coaling with whitewash instc'ud of plain water, d'he small amount 
of linu* thus addetl lt> the cement tloes not materially tletracl from its 
strength. 

Slag cenu'iits, be'caUHe of the sulphides prc'seiit, should be avoided 
for use in concrete or any coatings in contact with iron. It is hardly 
jutssibh* to a.ssembl(* tlu-m with an anuaml of any alkaline substance 
that will p(*rmaiu*ntly netilrnli/.e the acid element present in their 
comptjsilion, nggrnvai<*d in nearly every instance by tin* porous nature 
of ail concrelt* eoiminietions caused by deficient ramming to fill tho 
Voids (icenpied ]>y the (‘iieloseil air, also by the Hiirplns of watc r iHi'd 
in mixing. 

I'A'en a cemi'iit fn‘e from the Hulplutr (•leiiu'nt, if mixed with a 
small quantity t)f einder, or if laid in soil containing cinder.M or pyrites, 
will abscirb tlu* acid and collect it in <langt*rous atiumnts in the voids 
iUtirn it will nltimfitelv ri'ach the ntetal and 
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further apigravuiotl by (iu' fuel tluii nearly all gnunul-wnler is eharged 
to soiuo ext(!iit wilh .saline or suljihur elena’iilH or bolb, llmi would 
soon Hiitiiraio any alkaliiu' substanee preseiil iu !lu' eetinMit. When 
this point is nuiehed corrosion (»f the K>’illf'K‘’ inevitnl»ly ensue 
even if the iinpostnl columns show no evideiict* of its nclion. 

Grillage ironwork lias been nanoved fr»ini eonerete foiindnlituiH 
laid only five, years and found to be tMirrodi-d ^ inch tu* luori' over its 
whole surfacK'. d'he Ihickiu'ss of grillage beains is srldmu | inch, so 
that thirty or fifty years will practically limit the .sabuy of many of 
the modern h(('(' 1 slu'lelon slruetures. 

The protc'ction alTonh'd to steel by Ihirtlaml cennent has been sub- 
jeeted to experinumt by I’rof. Gharh's L. Xorton.* "'I\vn brands of 
American cement were seh'cted, tesleil chemically and phy.sically and 
found to be good. A sharp, chain bank snntl and fragnu'nt.s of irajH 
rock and (lint were' Ihornughly washetl and useil for the concrete, 
The eimk'rs mrv H'liHhctl and drietl; they ti'sieil tiiMtinclly alkaline 
with a ainall amount of suljihur. All tin* ingredients were miMal dry 
in every eas(', and wlteu wet witli a minimum amount of water wen* 
tamped until they flushed. 

“ Hricjiiettes were madi* in dupHente with both eena*ntH. vu., neat 
cement; one jiarl to ihna* of sand, one juirt t«i lha* of hnikcm stotie; 
cement one part, two of sand, and five of stone; eement oiu« part, sand 
two parts, aiul five of cinders. Speeimeiis of luild-Hteel rods tl" \ 
diameter, mild .sheet-steel jilateH (»" } 1" I (hick, and snips of e\- 
paiuled metal tV' f I" were all cleaned lirighl. All thna* pieces wen* 
put iuto each hrictuette and were i*neloHetl in separate fin hn\cH, winch 
also cemtained a sjiecimen of each metal unpniteelt'd. c tne half of 
the brupiettcH were set in water for ojie day nnd the rest for severs 
days before sealing them up tight. ( ine-puarter of tire 1 m »\eH Wcj't* 
then subjected to each of tla* folhiwiiig exposuri's, d’o an nlmoH« 
pherc of steam, air and carhoii dioxide; to air uiaf stiauu; to air ami 
carbon dioxick*, and the other Kaniph'Kset upon a table in n room with 
no special care as to tlu'ir temperatun* or drynew, 

^'At the end of three weeks the lu’Ujuettes were cut open and the 



\/i Iiu: n| u nviin iiaiVll^V lUiU hiUlUUM UlMlWhlUU. 

Th(' locfUioii of llu' ru.sl. spot was iiiraridhly coincic/oit with either a 
void in llu' (foiifnitn or a l)a,tlly rustx'd c.indc'r, liust had us usual pro- 
du(‘('d rust. 

” In IIk' inor(‘ porous mixtures llu' slxad was spotted with alternate 
bright and rusty areas, xaieh clearly delhu'd. In both the solid and 
poi'ons ('iiuUr concr('l(' many rust, spots wx're found, vxcc])L where, the 
ranerete tiiul heeii mixed reri/ it'd, in. whieh vane the Wdlerij cement had 
coated neady the whale oj (he deel tike a paint and prateded it. 

“Some briipU'ttt's nuidt' of liiudy yround cunh'i's and eenu'ut in 
varying proportions up to one of cement to ten of cindc'rs and exposx'd 
to moist tin* and carbonic acid showed how (‘(Tectually tlu' prescaice of 
the cement pn^aaited rusting, ])rovid('d tlierc' wen' no cracks or crev- 
ices or distinct voitls. 'Fhe corrosion found in (rnah'r ct'meid'. apjK'ared 
to be maiidy dut' to th(' iron oxide in the cindt'j-s and not to the 
sulphur. Cindei' concrete', wc'll rammed wlu'U W('t to till the voids, 
is nl)out as elTi'clivt' as stoiu' concrt'te in prolt'cting st('('l.” 

d'hese latter conclusions woidd di'pt'ud grx'atly tipon tlie absence' 
or low pe'rci'iitage of iron oxhle and sulphur in tlu' ciiuler. 'Po render 
these' elt'UU'UlH iue'i’t let ire>n. there must be ('uemgh free alkaline sub- 
sbmee in the* e’e-ment to .saturate tlu' eu-iels withe)Ut disturbing the 
genend ceimpeisitiem e>f the' ce'ineut as a bineling e'h'uu'ut. 

If the uu'tnl is peiintt'd lu'fore the application of the concrete, wluit- 
ever its cemijawit ion, the ceeutimmus veeiel h'ft eevt'r the whe)le surface 
of the' nu'lnl by the decay of the paint is the' be'st possible cejuditiou 
feer inaugurating ceirrewion. Air aiiel me>ist\ire will (iuel retuly jicce'ss 
tei this void, alsee lei the' voids left by bulMing bricks and te'rra-ceitta 
blocks, (he ponais nature' of which are' faveiruble' to the' cenieleusatioii 
anel aliseirptiem eif meiisture' ami attnewplieric gase's, that are nmre 
iiigldv ehnrge'tl with corrosive ele'tn«*nts in citit'S, tunnels, suhwnys, anel 
either locutious where' the use of structural ntt'e'l work w in meist eh'- 

nuuul. 

How far the pnde'ctiem eif ferric foundatiems, either near or belem' 
the wate'r-lim* in the many structure's alreaidy Imilt. or in progrew in 
all parts eif the' world, has Ihh'U consieh'red by their areliitects anel 
engineers time' emly will rc'veal. I'or tliose pniposenl. like the miles 
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pvot(M‘.l-iuii L’roni corrosioti iiuist- he fiitjtlnvfil (hati t r* r In-fii 
adopted. No wash or Irowol coaliiif!: of cfiumt. iMmd cu- had, iir 
applied in mass, will avail ior Init a .slitnl poriod fn itrutrct fhr uiflu! 
that tIi('S(ss(,nictur('.s inusl- rt'ly ttpoa for a i*roal part <<f llair .'.ttvuMth. 

The hardiK'SS find intdaslic {•harat'icr of crmroi i«r nioriar f«i.niin|.‘,,s 
will cause them to ertiek under 1 ht' vihraf iou.i imw it.nhlr tn all rath 
wtiy striudiurt's; and whilt' resisting wator in mav-, tin-) will jdtsorh 
moisturtt sudieit'nt tola' idways cltunp ttnd in (hut ctitidilion .'uv of 
th(' least stivngtli. 

TIh' wirt'S of the tuiehorage I'lid.s of the etihlrs of (he N'inytiru Idilh 
Huspt'nsion hridgtt wt're, openetl for ti short di^t juiee u here t In*) ontortnl 
the tinehorage pits. 'I'he.se t'lids were emheddod in li\ilrnuhe eeiitcnp 
and at the ('lul of forty yeans lutmy td' them had hreotur m» eorroded 
tluit the stn'iigth of the structure W!s> seriou.slv impaired. 'The eor* 
rodt'.d strands wert' rt'phieetl hy ut'W wires, imd the fi.p part of the 
auehoragt'S o]aMU’.d to tdlow the eement work ttt dr\ out tmd remtun 
dry. In this east' and with all ferric Jiiateriti! endteildt*d in eonciete, 
the caustic aet-ion of the ustuil intike of eement, whether tljnnp or 
W(tt, will furnish tint cjirhonic aetd neee^sfiiA to destroy aii\ Inea'i'd- 
oil c.otiting or ptunt, Ihtit eovers them and itidtiee emtcednn. The 
anbsetnUMit drying out of the eement eoverittgs unh delaw. for a 
short tinu^ tlu'. nltinuitt' tle.st na-t ion ef tlu' metal, 

Iroa anchor bars tuul chains einheddeil in ninereteheluw the water- 
lint'- for lot) and 21)1) yt'um wen- free from ntst wlieii lemovt'd. 1 it'.sh- 
Wiitca’ imnu'i’sion, no aeee.ss of air, no aeid ek-ment nor iron o\ide or 
calcium sulphate, also tat voals in tlu' eement wh.h the >,eerel of 
their ptu’ftad. e.ondit.ion. 

The, prt'seiit inetlmd of eonstrueting hnihruign wholly or in pju l t>f 
Btet'l framing and eonert'te, avtiiding the use of hriek utid 'done mu~ 
Honryas far as ptwsihle, is eau.singa great tletil of niisiety among arelii- 
tee.ts and t'ngineers us to the future .state of (ht* metal so emln-dded. 
That metal net'ds sonu' iidditimuil prott'etimi froju the I'aU'Uie ncliitu 
of the impure ctaut'iits too freijut'iitly empioveil. also from the ipuek- 
liiuo mortar, bc'yond the usual eoat of paint, is rerogtd/ed. 

At a late nu'cting of tlu' hlnglish .Vrchilerturnl H* intiou, Mr. 
H. Humphrey gav'o as the result of his eKjterienre that ineijil buried 
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otlu'r (-()nii)«)iiiul coiil.irming pitch and Hand; tliat some saniples of 
cinder coiun’t'U' analyzed as high as three-fonrlhs of one per cent of 
snlphnrie acid, A case was cited by another ineinber of the asso- 
ciation where a htd."Wu(('r pipe laid in cimler concrete was rotted 
away in a V('ry short tinu'. 

M'he (binder cotnn’el.c' used in the flooi’S of the stc'el-franie sky- 
Hcrapei-s in New ^’ork ('ity invariably shows the ])r('S(‘ncci of sul- 
phuric acid strong enough to redden lltnms-pa))er. 

tias-pipc's endunhU'd in plaster of Taris (gypsmu) have been found 
to b(' completely corroded in a h'W yearn. 'I'lie use of gypsum in 
(amn'iit to hasttm its scd.ting is delrinu'utal. (iypsum is soluble to 
HOUH* exient in water, besidt'S it contiuns water from its hydration, 
which absorbs carbonic acid from the air tluit (pru’kly causes corro- 
sion. 'I'ln* rust so fornual absorbs moisture, and carbonic acid and 
furtlu'i’ hasleiis tlu' lairrosion. 

'I'he sert'Wed ends of all pipes ar(‘ invarialdy attackc'd. They arc 
of bright, metal only abotd /o inch tliick and seldom, if ev('r, have 
even a brush coaling of any paint to proU'ct tlnmi when put up or 
left in placi'. ( lalvunizing the tilt lags and body of the pipes does 
not prot<'ct the screweil ends; llu> corrosion at these points is only 
hastenecl by the galvanizing. 

'riu' t'lTect of tnirnwion upon the floor l)euniH and otlu'r structural 
parts used in modern architectural work has bcuai tlu* subject of dis- 
ctiHsion by the Anu‘ri<*an Society of Architects, the conc<'nsus of tht'ir 
opinion being expn^ssail by tuie of tin* proinim'iit memhei*H as follows: 

“With rt'gard to tin* .strength tif Ihesteebeage eiuistructions, both 
tis to wind strain atal other disturbing strains, th(*re is no (piestion. 
All objections ari.'^ing fnan th(*He points have been ovt'rconu*. but mi- 
1(W eXcc*])tional car«* is taken in tlu* constniction to jirotect the stei*l 
cage, particularly at its joints, from corrosion, this <’las.H of buildings 
will not la* peruuun*ntly safe. It is perf«*etly ft'anibh*, with great 
can*, ttt protect the ste»*l frame‘S from corrosion, but I am convinced 
that many high btiildings luuu* ht‘en put up tn this country where the 
propi*r cart* in this rt'tJpcH't has not b{H*n tak{*n nor the* neef'Hsarv 



storioM, tlio imiut was dead and (•(.rrnsitin «'staidi>hrd. 'rhis was par- 
tic, ularly notici'ahlc in many purl inns nf tin* Imams ulimv I lie usual 
top dressing of coal cinders had lieen luiil fn level tip the arehes funn- 
ing the foundation for tlu' urtilieiul stone sidewalk. 'The rivet- that 
held the corner angle-irons to (he heains were nearly all lon.-e ti'om 
the corrosion around their heads or piiints and had In-t their set or 
draw. 

In. marine wfwk, hydraulic C(mient is used ahunst i*\elusively as a 
brush coating on llu' insidt* surfaces of the ship s frames ninl plating 
in the lower holds of tlu' vessid where the metal h exposed to the 
action of bilge-water, nlkaline and acid solutions from neifis, and 
leakage from the cargo licpiitls. Due or more wash eoutitsgs of emnent 
are a])phcd over the red-lead, hlaek-vnridsh, or other oil paint i'oating 
laid on during the eonstniclion of the ship, and that generally .serve 
to lu'otect the metal during this peritul. 'Phe eoatiugs in the lower 
part of a shlj) arc' dtunp by rt'ason of the eouiined suttiruted sea air, 
bub th(^ cemetd, (if good) forms a close, elitigitp* coating that .seldom 
fails unless by nu'chaiiieal injury or improper tuiviug «tr npplieafioii, 
and is (aisily rc'painsl if injured. 

The confined spate's aboard a siup ahiio.Ht pnadmle the use of uit 
oil paint or varnish, however (ptiek tlrying it niity U*. \uilmut the tise of 
foreed vcmlilalion (o provide the oxygen neeessury in the di ving of 
paint. Such venlilation is praelieully impossible in a ?dup at sea, 
or in most cases in dry dock. 

Ocnu'iit for rendi'ring, with (heohjeel of making brickwork water- 
tight, slmuld be mixed with an lapud jinrt of nbsoluiel) clean .sand free 
from salt or si'a-Hand. Cement for any use .should 1 h' lytiefidlv turned 
ov('r by the shovel and I'xposed to the air Imfon* being mixed or 
wetted. 

Brickwork is one nf the w'orst surfaces to hold n paint, gemd or 
poor. A hard-burnt briidv will alworh S ounces of wafer, a sidinon 
brick nearly 11 ounees. Brickwork absorbs most «if the oib in llu' 
paint, leaving tht> pigment on the surface of the bricks without sutli- 
cient bond to hold it., and it peels in Hlrips, ddiin jH*eling is hustenisl 
by the caiistic action nf the cement nr linu* nmrtur and flu* soluble 
salts in the sand of the mortar, which hchui destroys (he orKaidc mat- 
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A Kilicato of hoc la Holu(ioi» nuulo from i-cjunl wc'i^hiH cif .Hilioulr niul 
warm, wator, anti apiilliHl with a hrusli, is also rtnn(uuuc'mU*»l for pri'- 
vonliiig tho pooliiifi: of ])ninl on walls, Imt for outsith* fxposiirc'h it is 
iiol HO ('ffc'dlivo as lilt' above' ncitl troalmonl. 

WaUrproolbuj Bn'rki^ (iiitl StnitlHtnnr. Al a roront luoflijiK i»f tho 
AuHtraliaii AHHoc.ialion for the Atlvaiiccmcnl of Soimt’o, rmfof^.Hor 
Livcrsulgc roiul a paper on tlu' " Watorproctling of Ifrick aiid Sand- 
Htono with Oils.” Mxpc'riint'iils wort* mntlo with tho view of nHci-rtnin’- 
ing tho length of tini(> tluit l)riok and santislttno art* rondorod \\ntor» 
proof or proU'tht'tl by oil. 'I'ho oils ti.sod wort' tho throo ooniniotiosi 
and nu)Ht rt'atlily tjbtainablo for snoh purpti.so.s, vi/., linsooil «»ii, lH»ilftl 
linHood, and tho erndt* minoral oil known tis "idni* ttil,*' n»*ot| for pro- 
nerving timber. Tho woalhorings wore math* npitn a flat portifcn tif 
the laborabwy roof fairly e.xptt.sod to tho stui atul woathor. (hitul, 
nound, maebine-inado brieks woro t'XjH'rimoidt-tl on. 'riio nmonni of 
oil and water taken up liy tho sunilsltino was very nmoh los,f< than 
that abHorbod by tlu* briek, although iht* area of tin* saiidsiono onbos 
wan much grt'ater than that exposoil by tlu* brieks. hkpinl amounts 
of raw and boiled oHh woro a)wt»rbod: tlio blue ttil, howrvi*r, was taken 
up in much groatt'r ([uaullly by ladli briek and stimlslom*, latl by I la* 
cud of twelve mouths the wludo of the lUJ tmneoM i»f blue oil had 
apparently ovaporaU'd anti tlio briek hail ref unit'll tt» it s oi iginnl 
weight. Tlio liricks treated witli rawaud boiletl i»ils roiimin uin'bnngeil. 
After tho bocoiuI oiling in November, ISIM), ami expiwurt' for iimrly 
four years and two inoutlm, they had pnietietdly rt'lninoil nil ihoir oil, 
inasmuch as they had not lost weight, ami wori'al.so nearly iiuporvtous 
to water. It was noticeable tiiat tho samistom* ouIh'S fronfotl with 
raw and boiled oils returned to their originul w-oighls. but did not 
appear to have lost the Ix'neficial effoets of the oils, lu'ing also 
practically waterproof. 

Portland or other hydraulie eoments fna* from tin* sulpimtoof lime, 
when mixed with about 15 to 25 per rent of a rotldoml juiint, forms a 
tough eltiatic coating that tlries Ininl enough to resist the net ion of 
locomotive exhaust steam and eimlers on the* surfaeos t»f iron ln'anis, 
trusaea. and the bne,kle-nlat.»« tif lnw 1 
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i’iiv(irji!)l(> Hil.iuil-iniiH. I''r(iiit h f^ovc'rniiK'iiL uiiuly.sLs of it, the com- 
position is upproxinmloly :t() jK>r (‘('lit of an oil vehicle, (15 per cent 
of reiined spc'cinl bitumen and sel('c.t('d fossil i’('sins, and 5 pc^r (U'lit of 
a eaii>on pif!;ment. 1 1 is laid on or spread likt'. a thin (ioaliiig of mortar 
on brick masonry or ])last{'red walls. Itadlu'rt'S firmly, hc'c.onu's vc'iy 
tacky, and can b(‘ plas(,cr('(l ovc'r with e(‘nu'ntor linu'-mortaa' coatings 
that adhere fii'iidy. When these piast(‘r(Hl coatings are dry tiuy (am 
r(H'{'ive an oil paint ol any desirable color, iinalTect('d by dampness 
from th(' walls. 

A gi'adc of th(‘ “ H. I. W." is also made? to apjjly to danii) walls not 
intended to bt' plastereil, also to iron structural work. This is applied 
with a brush, and contains more pigment than tin* trowc'l grade. It 
is tlatrougliiy damp-proof, and rc(!ci\'cs oil-paint coatings without any 
Umdency to cra^.c them or to j)ccl. 

A grad{‘ of this composilion, to bespread with a brush on the inside 
of taidvs wlu're acid and alkaline solutions arcnstonul, efTectually n-sisls 
the action (tf these licpiidM. In chemical works for tlu* proteettion of 
the ironwork and other nu'tals, it has shown gnait n'slsting power. 
A special instance of tlu^ waterproofing character of tins com[)outid 
to resist lh(‘ action of running water luuha’ a considerabh' head is on 
tlu' conende monolithic water-power house on the St. bawnmee Kivew 
at MasHenu, N. ^ when. seV{>ral thousand stpuin* yards each of the 
trowt'l and brush coatings wert' applied, and comphdely corrected the 
poro.sity and ju'nneability (»f the cement walls that were serio\iHly ('ii- 
dangering (la* structure. 

Ilerr Wm. (Tetner, .HUperintendc'Ut of the gas-works at Mnskirchen, 
(lermany, “'riiat the ammoniacal licpior from gas-works, evc'U 

in tlu' weakest Holution.s, (hdrimeiitally afTis'ts tin* eenund. and tank- 
walls exposjsl to its action, ('(sating the surfaces thus expo.sed with 
li<(uid glass ftungstatc* of soda) pnttectH tlu' ccnicnt, also nmders the 
surfac(‘K (pnte lt?akagt‘-procjf even in very tdd work." 


('IIAPTKU XVI. 


ItOWKlt-HAUl-'F t'DATINWM. 

Bowcr-IiarJ] " in the iinnit' iiivcn ti> the ruHtlrs*^ rnutijiu, fnnncj 
U|)()U (uist h’oii, wroujiht irmi, and hii-ci. whni i-xjuiMnl lu a luu pfi! 
lu'at in six'cial ovi'Hh, furniu-i's. ur and Mihji’ftnl in tin* nrtittn 

of Mn[KMii('a(('d Hlnam, carhtmif 'ctxidc I'nun cnal dii'ra ur pa?, imt- 
dnct'vs, liydrocavlKUi and hyilroj^jai yuN nlSurnnfrjy ur iti rundiiuii" 
lion, according; In llu' several pruee.MWH invenird l*\ Huurr HaiiT, 
WcIIh, (icHiKM', and oiIkm’ inveiitnCN. 

d'lu' original invenlnrof lla* niHtle>s irt»n euuttnr" rrul'. I'n-d- 
(M’lc.k S. liarIT, of Killaii'n, England, whu jiuldi-da-d an neetomf ul Inn 
pr(K’,(ss in lS7(i, and read a papor <lescrildng ii Uefuit* {hr Sueii ly uf 
Arls, London; but the process diil jatl pru\r eununnidull) Mieer'.»4'{il 
on accouul of its high cost and (lu* dillienliy uf uLtaiidag {{inlunnily 
in r('H\ilts. 

Mc'ssrs. CJc'org(' iind Anthony Bower, of Si. Xrnts, Ltudatal, iin 
]n'ove(l the processor Brof. IhtriT, and pat<*itled it. *!'!«• right to tr^e it 
in the Lnilc'd States was acquired by Mr. t «eorg«‘ \V. Mnyjinrd, uf Xrw 
'^’ork. Tli(‘ first, furnace was erected at the Heeln Atrhileetnral Iron 
Works, in Brooklyn, X. V. 

The. lU'Xl. and most important of tla* hiiproveinetits in thi ' pi ■« irrNS 
■was invented and patented in ISNS by Mr. W.'f, \\ elLs, of Lit fir trirv, 
N. ,L, who discovered that reiLliot iron, in the pirs^mrr uf miinded 
steam and carbonic oxide, wouhl form the luagurtie m blnrk u\ide 
(rustless coating) of iron, Kegth, witlaml the inlrrmrdi.Htr furmuliuu 
of the scHciuio.xide, KegOgfred rust), the reneiiunH lirtui?, hi e » ilBt), 
This pro( 'x'HH is the foundation fur idl ?'itle<rt|Uruf iiu” 
proveinents of the process and is applicable to ail fui iuN of ea.Hi, mid* 
loable, wrought iron, and steel wher(« the surfact*H are nut to !h* huL- 
jocted to hard friction or wear, such as lamding, hammering, chipping, 
or ollu'r rough usage. 


lallou IhiU. would injure llie eoiitimul.y ol the c.oaUng must neces- 
sarily (h'slroy the coaling. Wlu'i'ever the coating is broken tlie metal 
will rust, though llu' rust will bt' locali/a'il, and will Ih' greater than the 
satiK* ('xposure of (he metal not coaUnl, owing to the diCfm'encc in. 
jioliMitial b('tw('en the two surfaces. 

'riu'Hi' ruHl-Hpots seldom spri'ud or raise the adjacent coating, as 
is commonly tlu' ease' with iiaint, or enamelled coatings. All ilrilling, 
fitting, scn'W-cutting, (dc., of llu' nu'tal should be done before 
it is put into (lie converting-ovi'n. In riveting, tlu^ o.\id(‘ in the 
iimneiliale lu'ighborhood of the rivets will be broken, and bolting 
togethm’ of parts to be eomu'cteil togc'ther must be substit.uted. In 
work that is rivetetl up Ix'fori' being coated, tlu' st't or th’aw of the 
rivets will bt* n'leasetl by tlu* heat of the furnuce. 'Phis, in the cast* of 
light grill, lattice, or fence work, i.s po.s.sibly of small moment, but in 
work .subject to tlu* action of liquids or gases it cannot be ignort'd 
and other inethod.s of joining the piect'S must bt* adopted. Slu'ar- 
iiig, flanging, sharp bemling, or tlriving of nails through shet't-iron 
roofing, ni'cessarily exposes the metal, and local corrosion of llu' in- 
jured part follow.s. 'riit* bite t>f tlu* vlst* or pipe-wrench in fitting 
rustle.sH .screwed .steam- or water-pipes injures tlu* coating unlt'.ss 
special cart* ami tools art* used to prevent the injury. Tlu* screwed 
('nils of pip(‘H ami fillings are injured if tlu* jtiints are miuh* U]» dry, 
but with red leacl, graphite, or other gootl pipe-joint c('ments as lubri- 
cants, they Hi'ldiuu give trouble if luotlerute care is (*xerciseil in the 
work. 

In east-iron pipe with Ih'II ami .spigot joints, tlu* leatl packing can 
hi* calk(*d without injury to the “ruHlle.s.s" coating by using the roiind- 
no.Hc ealking-tool, IiiHte'ud tif tin* usual .shnrp”<-dg(‘d tool that chips the 
coating. liusllc.HH pipe conliug.s do mil appear to draw in the lead 
joint any more than the usual coal-tar dip coatingM, frmii (he changes 
in (cmptwalurc that all pipes arc subjccli‘d to when buried in the 
ground. 

'Hu* uu'chanical fitUHli of tlu* metal to Ih* coated determines to a 
great extent the modi* of treatment. Articles in the rough, from 
whieli tlu* skin has lud been n*mnved, nupiirt* a longer exposure, 
higher heat, and a more eiiergetie oxidation than tho.se whose siir- 
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imiat bo oh'UiK'd by the HiUul-bhiMl, or by piokliiti^, nutl thr .siiiui* onro 
used to romovo idl traooH of iho |iiokUu^ ncitl by u wunu Uiuo wutor 
bath and ro[K'atotl waaldufc with cold wutiT-jrlx tmdrr {trf>.Hur«\ hh 
in tlio cuHo of oloaiilng tho nu'tul for paiiiling ({‘hnpl<’r XW'lll). 
I''oundry-aaiul upon oastingH, if not rciiuJVtHl, bukcH in the fiinuicc 
to a roddiHh-brovvu color, [)roduciiig uiiHiglitly Hpnt.M, but «lor-H not 
im])ah' tho iniHtli'HH oharaclor of thi' coaling, and tndew ilu' coating 
ia to aorve aa a liniah, willamt being painted, the hpof.H .me of no 
inoiiiont; othorwiacf tlu' Hand nniat be removed to the ck-nn .'•e.nle 
surface before troatnumt. All blow-holea and otluo’ defect-n in cuf«t- 
iuga luiiat bo pluggc'd with brusH or iron phign. b'ud <tr i»tlu*r >ofi 
■fillings arc detrimental to thi' nctioti tif the furnace in produ«*irig a 
reliable or (ine-appeariug coating, which hlioukl Ik* a plea.Hioir fthte- 
gray or blue-black color. If the luetnl is polished before tri'ntinetit, 
it ac(iuircH a lustrouH ebony-black nnish, very tlesirnble upon eertnin 
kinds of arlick's, 

The iron or steel arliclcH Ircnlctl, owing la thi* annealing aetion 
■while in the furnace, an* iH'nuaiumtly expandeil about -/i inch per fool, 
■for which allowance must bi' tnade where this addition will U* ri-iH'iitinl, 
as in stair-stringerH, cnlumns, etc, 

The limit of elasticity of tht* o.xidi* coating is praciienlly the same 
as that of the metal it covers. The coatijig ailheres lirmly under 
tonsilo, torsion and compressive si rains, until theehiNih’ Umit Iuih been 
reached, and no further. 

In Sir JoHi'ph Whitworth's lesls of speciiui'iw of llmver 'HarfTed 
wrought iron, submitled to leiusih* strain, small pieces of the oxidt* 
coating scaled off wfhen tlie straiu reaclmd 2N,(n.s poiuidf* {wr sijunrc 
inch, or beyond tho clastic llinil, and about om-hnlf of the uliimaie 
strength of the spc'cinu'n. In the case of chhI iron, the coating re- 
mained in place uninjurctl when strahied to the point of rup’ 
turc. 

Bower-Bar (Ted articles can b(< heatial to lemj»eratures iipproxi- 
mately 400® Fahr. and tlien InmierHcd in cold water without injtiry. 
They resist the action of sea air, sea water, sidplmroUH, and i»lher 
gases, ammonia, and all alkaline and organic acid.n in moderate solu- 
tion. also tile, efiimbe aet.ifui rtf lit 
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T!u* roBt of Hpplyinjc tlo* pronw imwl iicctwanly vary with the 
wing^ht. mill other ehftracteriHtieH of the article to he treated. 
For Iniildt'rH’ Imrdware ruul that ehiHH of artielen called nludf gooda, 
tUmu'Htie iirtieleH, etc., the (Hwt in ahmit 5 per cent of tlie net coHt of 
the goods to the inanufaeturer . Wrought 4ron grilling, oOice rail- 
ing«, and Iht* lad ter elaw of neroll and fancy work coat about tw'o 
centB per | Mnuid . Wrought-iron Htearn and water-pijH* jh coated for 
ahout the Hame exfHUiHt* jww |K»und as ia required to paint it. A 
furthf'r Uaiefit to this elasa of artiele.H ia, that the itiHide of the pipe 


roceives the nanu' coaling ns tiu* cxtcninl |>ai!N. Wniught-inm I 
iK'ains, chaniu'la, aiul other simper cnttnlng inti> Iniililiug ctln^truc- 
tioiiH can ho treated vc'ry cheaply: the principal expeuM* is ftix <■(«(. 
of the furnace'; the. actual operating expense.H are very suuill frnc- 
lionn of a cent per pound. 

Tlir Iron ('oluinn of Jitlhi,'* 

The iron noluinn of De'lhi, Italia (.see Fronlinjui rt ), is 2t) feet high 
above gruuml, 1(1 hiclu's in duitnele'r al (la* ham-, and I'i inclu’s at llu' 
top, with an ornate I’t'r.Miau capital 11^ feid iti height. 'The btise hnn 
a PerBian iuHcription of wix liiie.s on tlu' wenteiii si«le, .syiithuli/ing 
thedcedH of the llajali, Dhawa.wlu* reigneil iti the ninth nniitiry tue, 
Beck, in hin “lliHtory of Iron,” placea itH eri'Clum in the early part 
of the fourth century a.u., hut other uttllmrities place it in tin* ninth 
century n.c., oorrcHponding to (he inscriplioii njH>n it. 

Early excavaliouH to (he depth of 2(1 fetU tlul ju«t reach tin* hot 
tojn, hut HubHetiueiitly it \vn.s fouinl to rent ttpon hu'gr-tl imn hennis. 
bedded and anchored to the Hloiie ftnindiitionM. A short tlistunce 
below the ground it i.s 2 feet A inelu-.B in ilianieter. ami evidently was 
forged from a large nuin))er of wrought -iron blooniH, «%Niimuted 
weight is aevt'nteen tons. 

It stands alone uhove all other relics, a inoiimot n( eoinnietuora- 
tive of the state of the mc'chaaicul arts in preln.Hturie tiine«, not only 
for its construction and preservation, hut its transporfalhai from 
some unknown and evidently far-diHlant place of inannfnettjre and 
its erection in bUu. This would he ctumahTetl. al the U'gitming of 
the twentieth century, an exceedingly creditable exnmph- tif « ngi- 
noering skill, and it will prol)ably remain centnrirs afii r nm^l tif the 
pre.seiiL-day ferric construeliouH have cniinhhsl to r«sl rust. 

It is free from corrosion, ainl while tliis in a nieasun* tiiay 1 m' dm* 
to iho climate of India not being indneivt* of corrohion. it c*annol nl«»ne 
bo tho reason of its protection, for other iron artii-h s. both large and 
small, bear testimony to eorrosive efTta'ls uiidt r the wine i*X|H»wnre 
and climato. A reascui fcjr its non'*corroKi{tn has iHaai given: that in 
tho earlier days following its er(»ction it was coiiKhlerial a part of the 
religious duty of every nilgrim to the htilv slirhlt* lu*iilr* itluKlt ii ij 
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loft upon tho (H)lunm and tluis protoctod it., ilut for tlio past two 
huudrotl yt'urH or more', ho far as known, no snoh ^rcuisc'd-pok; gyni- 
nasUcal dovofioiis have Ih'i'Ii praolisod, and tho coatin^rs of oil, if any 
<iv('r wori' Unis applii'd, innsl havi' lonii; simu> Ixuin dissipatod, as 
th(*y would douhtloss havo iioi'ii palm or sonu; othor vegciable oil or 
oainors fat, all of a non-siooativo nalnro. 

'riu' ornato capital is as free from corrosion as the shaft of the 
column, so unlosH tho pilgrims dimliod tiiis as widl as tho shaft (as a 
sailor-boy mastlioails his ship's truck), ami possibly stood on their 
luauls as a furllu'r sign of exalted jaad, tho capital could not have 
rocoivotl tho oil troatnumt to protect it. The. part of the colimin 
undcrgrouml suri'ly luul no such acrobatic oleaginous distribution, 
and is comparatively as free from ctirrosion as tlu' part above ground. 
I'lvi'ry indication in tlu' appearance of the column shows that afU'r 
it luul Im'cu forgetl and linishcd, the iuscriptiuns and capital still 
bearing the clusehmarks on the ormunentM, it was subjected for its 
<*nlire length to a process identical to that of the modern IJower- 
HarlT pnu'i'ss, which has proven to be t|uil{' as effective to prevent 
corrosion in ihi.N instance a.s in any of the modern examples of this 
protective methoil. 



CIIAPTKli XVII. 


(lAl^VANlZlNci. F.l.K(TUt)-<'UK\ll<-M. \M‘ ntUl.U \ \ J I < i itllinHl \ j; 

/.INF l'Uciri;>.sl.?». 

(litlmuiiiiuj,* 

OALVANrziNO lo pi'dlcK'l llu‘ Htirf.’H’c (»f lat'Ki* aiiirlfM, mucIi hm »'Ulcr 
into the couHlriHititm of niilwny vimliuMs, nuijM, nin! >lnji- 

wovk, luiH not miclu’d tlu* poiiil of ni'iircfinlion ihnt |Kw.Hi}iI\ thf 
noav fuUu'c n\ay award to it. (Vrltuu fallnrifN i<siwtod for n lony tiiuo 
aw to the Tolativo inoritn of tho dry t»r uuilton ainl tlu* wot t»r oltH'lro- 
lytioal inotliodH of pdvnnizinf*:. Tlu* hitl<*r wax fnniul to U* ton 
coHtly and hIow, and the* roHidln olitnhiotl wort* orrnlio and ihj( .natiw- 
factory, and Hoon fi;avt' place to tin* ilry tir inollondiaih prooowoM a.** in 
practice at the prt'st'ut day; hut tlu* dillicnily of luanajitonioni in coio 
lUHvtion with larj^e hathn of inolton mnlcriul, the dotoriiaafitui »tf llu* 
bath, and otlu*r mechanical cauaoM limit the procof*H lu articloM t»f ctuu" 
]niraiive1y Hjnall aiw and wt'ifjhl. 

Th(5 elec.tro”de])osition of zinc lian boon Mihjoct to ttiany pntoiitj^, 
and the efforla to introduct* it have boon hiinoiilablo faihiroH in both 
a mechanical and fmancial Honao. Mtwt autlntriiioH rot'sanmond a 
current deiiHity of IS or 20 amporoH |ior .*<tjunro foot of rallu»do Mir- 
face, and aepuntiiH HohttionH of zinc Hulphato, aortnlo t»r cldorido, 
anunouia chloride or tartratt*, an beinti!: tlu* nuinl j^uitnbh* for dopoidiion. 

Hermau’K proccKH has been oxporinu'titoil with «>n n conunorcinl 
scale, the chief feature l)eiuj^ tlu* mldilioii of ihr Hiilphniof* tif iho 
alkalies or alkali earth to a wt*jik wdutum of /.ino jiho?»jihitto. 

IClectrolyleH uuuh* by addiufj caiiHtie jiotnwh or wtdn to n «iiitid»lo 
zinc salt have been found to bt* unworkfddo in priiolioo, ttis aoroimt 
of the formation of ati iiiHolublo zinc t»xidc on tlu* j*urfiioo of the nnodf* 
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also constantly getting out of order, as more metal is taken out of the 
solution than could possibly bc^ tlissolved from the anodes by tlie 
ciu'udcalH set free, on account of this insoluble scale or furring up of 
the anodc's, which HomelinieH ri'ac.hes ^ inch in thickness. 

I'o all intents and purposes tlu'. ileposits obtaiiUHl from acid solu- 
tions under favorabk' circumstances are fairly adlu'sive when yveat 
cmr has btsMi t'xercised to thoroughly sc.uh^ and clean the surface to bo 
coaUsl, and which is fouiul lo bt' (he i)rincipal dillic.ulty in the ai)t)li- 
cation of any ehaUro-chemical ])rotu'ss for copj)er, k'ad, or tin, as 
well as for /due, and that rendem ('ven the application of paint or 
other brush compouiulH so futile unh'ss honestly complual with. 
Unfortunalely these acid zinc coatings are of a transitory nature, 
their durability being imujinparable with hot yolrnnizitui, as the 
deposit is ptirous and retains some of the aciil salts, which cause 
a wasting of the zinc, aiul coimeipanitly tlu* rusting of the iron or 
steel. t’uHtingH coated with acid zinc, rust comparatively tpiickly, 
even when the porosity has been reduced by oxidation, aggravated 
no doubt by stmu* of tlu* eorroding ag{‘nts, Hal-ammoniac, for in- 
stance, being foreed into the pores of the metal. In wrought iron, 
tlu* cinder is porou.s, and holds tlu* aeid, alul induces corrosion. 

'I'lu* relativi* portwity of zinc coating, applied by different methods, 
is shown hy the following micrographs, Figs. 25 and 26, taken from 
The Hngimert fck'ptemlHU* 28, 1894. 



Fm. 2fi. 2;h»c muting applied^ hy Ido. 20. r>(*j'>owt from i^lno sulphato 
hot anh'ftiti/hig prtwrew, iuap:nifk*d mlutioa (ncid), nu^dded five dlara- 
fivii diamolcrs. ctrrs. 


results except for llu> eounnoiier arlieieH of use. 

The Co wp('r-( Jolt'S process (»f cicclrti-y.inciiiK nrticlcs cluiitis to 
overcome all these lUHieullies, nml pinnls are in prnecNS tif erection 
with a bath of sonu' I •1,100 pillous capacity, enpnlile th tnruiiiK otil 
forty tons of li^ht work per week, anti in which if is propiwetl to 
treat the ihates of vt'ssels sixty feel in length npt»u one or both sides, 
and the frames of such vessels as (or)>e(hi"l>oal di'sir«»yerH and kin- 
dred craft afler riveting \ip. 'I'liese jilates and fruiut'S are givt'Si a 
thin coating of zinc, by this proe»'SH that appears (o In* perfeelly uni- 
form in character and extent wluUeVj'i* tlie sitape of tlie piece may he, 
and however nunienms the lugs, flanges, jian-liHes, ttr eore-holf.H. It 
is called “zitw-jltti^liini}** ; that is, coating tin* iron or stet*! ailiele, 
after pickling and eleatung, with a thin coat of zinc about nnt* ounce 
per stpiarc', foot of Hiirfa(U', which resists the ineleinem*y of tin* wintther 
and mechanical injfiry as well as a lhi«’ker coat, and is fonml to alTiuil 
siilllcjumt protection in most eases, and is adetiuait* protection iimi) 
such time as it is ready to n'ceive the usual paint coatings. 

To obviate any U'luh'iiey of the paint to peel from the zinc sur- 
face's, as it ge'iK'rally manifests a disposition to do, it is leetmnnended 
to coat all th(^ ziiie. surfaces, previtais to painting tlwm, with the 
following compound*. One part cldorah' of etipper, one par! nitrate 
of copper, oiu' part, sal-ammoiuac, dissolved in si\ty-on«* parts water, 
and then add oiu* part commercial hydroehlorie acid. Whm the zinc 
is brushed over with this inixlun', it eaxidizes the sJtrfaee, turns black 
and dries in from twelve to twenty-four hotus, and may then he 
painted over without dangi'r of peeling. Another and inon* tpiiekly 
applied coating consistH of hichlorule of platinum, ota* part dt 
in ten parts distilled waU'r atul npplu'd either hy a hrush or .*4ponge. 
It oxidizt'H at oncc', trims hlack, and ri'Misls the weak acids, rain, 
and the elements generally. 

There are also a number of trude-uinrk, or proprietary, mixtures to 
proventtho peeling of paint applietl to zinc. “ rniter,” an IxngliHh cone 
pound, and “Clalvamim,'’ an American paint in light-brown and tlnrk- 
gray colors, are favorably recommetuh'd. (’arlam ami as]>lmhum 
paint, coiiiaiiiiug a large* percentage* of lusulplnde* of earluin in tiu* 
vehicle, alsei adheres well tei galvninze'd iron. Its nauseating oehir 
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CSiilvnnizcd-iron slu'cls lluil, an' cornijiiaU'd after galvaiiijiiiifi; 
corrode more rapidly lliaii uiicornipLUHl aheets. Sharp aufile.s and 
twists in the sheet also corrode (juickly. Tlu* thin zinc-coating atoms 
are hrillli' nalnrally, and are op('ned to allow moisturci to reach the 
metal llit'V covi'r. 'This lieing a inon^ elastic nu'tal, plates coaU'd with 
it do not show the lieiitling effects so stnaigly, yet llu'y arc' ajjparc'nt. 

I )onl)le>eoated tin, zinc, or teriu' plates an* from tw'o to thrc'c times 
more resistant to t'orrosion than single-coatc'd jilales. d'he. H('cond 
coating, like the se<>ojid ctud. of ])aint on a )iainted surfact', fills 
the shrinkage, cracks, and pores in tht* first coat, (lalvanizt'd-irou 
pIp('H used for gas ami water servici' in the ground have' only a life 
of 12 tw 15 years, iht* outside coaling of zinc being (h'stroyed by gal- 
vanic at'lion induced by the aeiil ek'tnenls in tlu' soil. If (he soil 
<uailnitis furnaci' cinders, the corrosion is hastened, d'he sc'iH'Wed 
ends and other parts of the pipt* when* tlu' galvanizing has bt't'ii cut 
awtiy art' the puirts first corroded. In generid all galvtinized i)ii)e- 
work is MO poorly cleaned frotn inilbscale ujul gn'use prior to gidvan- 
izing, that the pipes are less enduritig than with a conunou coal-tar 
pilch (lip coatitig. 

Zinc surfaces, after a luief e\poHure to tin* air, bcctane coated 
with a thin film of oxide ins(tluble in water, which adheres h'na- 
ciously, forming a protective coaling to the underlying zinc. So long 
ns the zinc .snrfaci* remaiiiM inlnel, the underlying metal is proteeh'd 
from corronive action, btU a mechanical or other injury to tlu> zino 
coating, ih.nl «>\pos!'H (he metal benejtlh to the pre.senct* of moisture, 
eanse.s a very rapid eorrosion to be inaugurated, the galvanic action 
lu'ing ehaugtnl from zinc p(»silive to zinc negative, and the iron as 
the p(»silive element in tin* circuit is corroded instead of tlic zinc. 

W hen galvanized iron is tmm«*r.Hcd in a corrosive litpiid, the zinc 
b attacked in prefen'iice to llie iron, provided both the exposed parts 
of the iron and llie protected parts are immersed in the litjuid. d'he 
zinc luHH not tlu* «uue protective tpudity when the li(juid b sprinkled 
over the surface and renadns in isolnhni drops. Sea air iH'ing clmrged 
with snline mniter \h very desiructive to galvanized surfaccH, form- 
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blind conlidciur of llu' prtitcclivf |«t\viT tif !h»* mw fiiniinr,; t-bf in 
iiulilT('V(‘m’(' as to lla'futnn* fuiiwnpiciuTH niui 
that may ai'isa from ihidr fuiltuv. 



Tho com] )ara live' iiicriiu of itnul (o tli. chemical aciiuo of n.ai.v 
acids has led lo llio contculion llmt it sltmdd form an ro'otl »! not a 
belter ])rotee.tion lo iron Ilian zinc, but in jiraelici* it in found toin‘ 
de(iei(Mit as a iirolee.live coaling npiiiwi eorniNtoM, A pmcc of Icnih 
coaled iron or tta’iie ]ilah* i>laeed in water will -Imw decided evi- 
dences of corrosion in twenty-four honi>i. d'hiM \> to U* ntlrilmted 
to the porous nature of tlie eoatinit:, whether it \h npidied by tin* hot. 
or W'et (acid) jirocess. d'lu* lead does not bond In llu^ jdatr* iw well 
as either of tlve other metals, rine, tin, eopjaT, or any alloys of them. 
Lead-coated iron corrodes ra])idly when (•xpuned to the ^H»es of com- 
biistion. The usual W('ip:ht of lembcoalfnl teriie-plnte« is nboni 
f ounce to a Hcpuire foot, while hot-jU’oeess srine eoaliuKJ^ weiu.h from 
l-J- ounces minimum to d ounees mnximnm, depeinliiiK upon the 
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'Pin is ufU'ii titlili'd to till' hoi btuh for tho purpoHo of oltiaiiiiug a 
Hiiioothcr Hurftu’o noil larger HjaiuglcH or facu'ta, but it in found to 
Hliorii'u (ho lifo of tht' coating oonHith'ralhy. 

A portion of a zinc, ooaling applied by th(‘ hot iu'ocohh wtin found 
to bo very brittle, briaikuiK when altoinptH wi'i'o made’ to bond it; 
the tivoraso thioktfoHH of tl\o ootilin^ wan .015 of an inch. 

An luuily.'^i.’^ j^nvo tho following roMull: 

'Pin 2.20 

Iron . 7S 

Ar.Honic truci' 

Zinc (by dilToronco) 0 1 .02 

A Huiall iptanlily of iroti \h dinnolvod from all llu' articloa placed 
in the inolloic /.inc batlj, and a drowH Ih formed amounting in many 
cHHoH to 25 per cent of thewhok' amount of zinc UHod. Thm zinc-iron 
alloy in very brittle and contninH by analyaw 0 pt'r cent of iron, and 
in UHed to cant .Minall art ornainenla from. 

Nickel coatingM prodneed galvanically will not protect iron from 
corrtwion unleHs .02 inch thick. 

A hot galvuni/.iiig plant having a bath eapncity of 10 feet by 
4 feet by I feet 0 ineboM ontaide iPunen.’^ionH, and about I incli in 
lhickneM-4, will coHi $02.5, and will hohl twenty-eight long tona of zinc, 
which at four cents jH‘r pmnnl will riajuire $2500 to Pill it; tho heat- 
ing of lluM murtH of metal and ita ever-elnmging cold immcrHioim, 
with tin* wn«U’ by dronn ami extra thickncHK in apotM, ia a conatant 
aourcc of annoyance and expenw. 

'Phe cost of an eleetro-ehemieal or wetdinth ('o\vper-('oleH plant 
of ()7tMl gnlloiw bath, si/.e Ht) feel by 0 feet by 7 feet, will be hut 
Hlightly mrm* than the Imi bath giv’eii. Tlmre in iuj drosa fonimd 
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jijalvuiiizcil ii’tiit wire, as jicr iniiitwim,' 
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Hot Kiilviuiizi'il 

Acitl hath, ZnS( . 

()<IVVlM‘l'«(l{lll‘H Jinu’l'MS 

A CuwiH'r-Ooh’H jmu'csH biUh «>f it laijnn'iiv uf iiimut bHKl 
louH will Iraat ahip-plntcH IH frrl Iihik. nnd will risjnirr nu fb’iMrifal 
energy of 2000 ainperi'H uf rlt-tiriMiHifivr fi«rrr. 

With eq\ial nnumiils uf */.ine |H*r uuii uC jura, ih»* i’iur etsutiiH^ ptit 
on 1))’ ihe c.oltl pruee.HH is murt* rrHistnul !u the c'Mrr*Hliiii» .'uiimi uf a 
Baturuteil Hulutiuu uf euppi-r Hulphntu llum ia Utr rant' with sturl 
coafed by the urtliiinry hut gnlvniii/tiiiM; prueu'i *; ur, Su puf »i in auuiiu-r 
form, artioloM eimlcil by ihu euM pmcuNH Mhuu!*! hnvi* nn npialh lung 
life, under Iht' wvme eunditiuim uf «'\pusuri‘ thu? b*n galvaui/rd arsielfH 
an' ('XpoHed In, and with lean ji'Jne thnn wuid»l Ih* ni*f«"v,ai > in the 
ordinary lud. prueiw. 

0’h(' hardiU'HH uf a y/me aurfuc** in n tualtur uf nuuu- impujinneu. 
With UiiH ubjt'el in vimv, uhnniniuin hn.s iH-t-n fi.»m a 

crucible to the luullen '/,ine at thu niunirnt uf dippitug tin* artiidr tu bu 
SilnccHl, HU im lu funn u eumpninnl .surfnei* uf Kinr»» !ilutidninu, and fu 
reduce the. waatt' furnieil fruni tlu* prutertivi* euvriiug i uf ^al-atumu- 
Iliac, fat., glycerine, etc. 'I’he nddiliun ctf the nhmdnum nlai reilnei s 
th(‘ IhiekueHH uf the eualing applmd. 

(luld and lud. galvaui'/.ed plnte» apjaair lu Hiajid idirnajuit eipially 
Well. The thiekiuw uf the eunting being the ?s.’imr, {e>4.N bv iiieanH 
of the Stihlerunu'ter hIiuwi cuM gulvuui/.e»l Hbeet, tl; but gidvaiu/rd 
sheet, 6; ierne-idati', 2; tin-pluti*, 2. The Itgiiren repreHeiii the bind 
in grammcB ujum a diamond point, just Huffieieiit tu rntts** it tu sernteh 
the H|H'cinu'U . 

Ihe aUeinptB tu eleclru-ziiie imn nial jiferl wiri* fur wire «litndt!tg 


ti tH , I Is .1 

nn i i t n;t t 

.Vi'i nt I i »n : .» 
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Both pic.klio|i: and hot galvani/.iup; r('(hic(\ the atrength, distort 
atul reiuh'i’ laidle iron and a(('('i wires of small aectiona. Zinc fuses 
at 775“ F. and vaporizes at SdO'* F. lienee the lu'cc'ssity of the sal- 
ammoniac bath tluit covers th(' molUm zinc, pix'Vcaits volatilization 
ami acts as a flux to unite llie zinc and iron. Tlu; bath is usually 
kei)l at about UHHF F. Ste('l wire of high bnaiking strain has its 


'I'ahlw (!ivi.n‘(j 'hncKNKHs oi? Zinc ItKqentKn to Withki'and yAuviNo Num- 
ItKH ♦Uj' iMMKItHIONH IN A SoM'ftON OK Coi'l'K.U Sui.l'll A'l’K. 



oi nuiuoriiiR it 'worimi'HH. 

The Covvpt'i’-tJelcH or eold-gnlvunixliiK prurcH^ in u«hI for the 
purpoHc of zindiig tlu* nkiii pliiten and frnnicH of the tisrjHHh^lHJnta 
aud torpedo-boat deHlroyern built for the Mutdif*h navy. A plati 
and e.kwiliou of thw plant in givtai in Tht Emjtnt n\ hob. 2.S, IKIM. 

The induHtrial importanee of the aueeej^.'iftd npphentiuu of tiiin 
oold-galvaniziuf^ proceHH ean Imnlly be uvereHtinuiteij, even if iti* 
apidksaiiou is only to tlu' tnarine eojiHlrtietiiaiw of the futuris and 
it iH found to be in any degret' inapplienble iti our present »tnninre» 
aud voaseln in UHe. The pi'rnmni'Uey, eontiimil \ . Mtreiijiih, and den» 
sity of the coating given by this proeean in in all reN|«niH espnd to 
that of hot galvanizing, and tlie thiekniw of ii enn U* ninde fiuprrior 
to that given by the hot. (lon.Muleritjg the i^ueeeHN thni has afteiHltHl 
the iiao of zinc to prevent eornwitin in marine l»oilem. where eoneen- 
trated hot saline IluidH arc* llu* exeitaut na*dium, aided b> the eh*e- 
trical oonditiotiH attendant uptat the etnnbuHtiou of large «|unutitie« 
of fuel, it may not be e(mHulered u wiKI prophecy to e\jM*et that with 
all of the internal inelallie parts of a steam vesncd pnUeeted by nn 
application of zinc iilalc'K secured to the framework of the strneture 
similar to the application of zinc to marine boilei>, that these plates 
may rewive the eiu'Vgy of eorrcmam, and if not neturali/.ing it I'Oiirely, 
at least pans it along in the* form of n depo?<ii to eonvenient poekets. 
wheu'o it could be rc'nioved, lla* Hame ns is now flour with tlie wasli- 
ings and dirt from the lire-room himkera and ballast cliaodH'rs, 

This internal elc'elro-chenueal preu’esH of pniteefhfi. cUieH mtt 
appcuir so chiiiu'rieal as at first (»ne might sup|Hiae. { h . { leiiry Wnrt /. *♦* 
has propoHC'd the protection of mining planta atd»jerl ti» the inteusi 
fied corrosion due (o the deeomptwition of pyriten and other mineral'* 
ill the mine wavterH, liy conneeting all of the metal portions of the 
mine as the negative elementn with a dynamo t»f «nflieien! f..ree t*. 
hvcw.ome the strength of galvanic e*nergy thic* to the Kurfitees rX|M»i*ed 
being exented by the corrosive licpdtla in the mine, the |M»ifive ter- 
minal to be connected to a mass of hard coke In tin* mine sump. 
Thcwi conditions vary but slightly from those* existing in tl»« ship* nml 
it is not improbable that experiment will determine that ImUIi these 
systems could lx* made to work Huccessfully. 



ail DoiiK'H, aiHi HIM up voiiaia aciKin m all c.avilU'Sj Iishui’oh, si'ams, 
aiul contacl HurfaccH in thu iiu-lal, ^vhich, though alight and not 
oasily dcdochod. will in tiuu' onlargi' niul waato thoiu away audiciontly 
to Hap llu' Hln'Ugth of tlu' inuHs. 

Mcdallic^ HallH and acids in iniiu' waters intensify the corrosion of 
nl! nu'tals exposed to I heir aelioii. 'Die metal work of railway tuniu'Is 
is also disaslronsly alTeeletl by the condensed vapors of snlphur, 
carbonic^ acid, and the t'vt'r-preseiit moisture due. to such lociations. 
The corrosion of the metals ilecreases ihe n-sistance of the wah'r to 
voltaic circuits, this corrosion by ruiuids Ix'ing voltaic phenomena in 
all eases. In many cases it is intensified by the moisture b('ing in 
tlu' form of tlrops insteust of being uniformly Hjiread over the whole 
surface. 

Aci<lH and acid salt.s which art' caiiablt' of taking up iron oxith'S 
into Holulion .still further enhanci* the deHtruction by nmioving such 
oxides ami expiring the surfaces of the metal to a fresh attack of 
the corrosive element. The .saline matter in solution that exciti'S 
voltaic actitm nee«l not be aciil. Any nvutnd salt which ih'creases 
the resistance' of the' water will (pialify it to act as llu' necessary lieiuid 
medium of a voltaic ciri'uil. Sea-salt is tin* commonest of all such 
iK'Utral .salts, together with tlu' other chlorides and sulphates of seti- 
water. It enables corroding voltaic actiem tie be set up on all h'rric 
bitdies iimuer.seil lhen*in or in the air impregnated with their substance'. 

Thr Jaunuil t>j the Stn'itlji nf ('lirniii'iil liitlnHh'!/, l.omlon, l'’ebruary 
2H, ISIM, dc'lnils .soiiu* exjs'riments with the galvanic action of sea- 
water upon iron and sten*! strticture.s in various relations with each 
other, Hitch as the eonwtruclive* ptirts eif tru.Hse.H, boilers, etc., to prt'- 
Veiil the corroHion for which the use of jeinc tmd ollu'r easily oxidixed 
rnetuls tmd nlhiys an' HUggeslnl, and to be- .^o phiceel tmd ctumected 
to llu' .Htruclure that they will form the electro-positive' elenu'Ut eif 
the (‘ver-prese'Ut gidviinic circuit, ami by the*ir ileeeunpo.sitlou preilect 
the structure, 

Mr. I). Phillips, in a pit|w'r n tnl l«*f<jrt‘ tin* Institute of Civil ICtigi- 
msTH, in l.SSf), eitenl the re*Hult e»f an exjM'rimeiit, wltere “surfaces of 
bright pieees of plate iresn, immemeel in colei wti-wab'r for over ten 
years have* been thontughly proteeteel fnun corrosion liy the aid of 

itiLtiitnii vttui U'ltit tilt. * vvlillti fl (tllrin.. 


wlui(c'V('r. 'riu' WfUfi’ was >1 fwici- ntuuialh . nn*I iln* 

r('iiu)V(‘(l from tha //me by t inlar lamuHHiniirr'. !ha ir«iu 

bccaiiu' griuhialiv fontail wifli n tiiui i‘f liaulau fi4*>r«-»| whan 

b\il hunl !uul whita whan ih > . Tlta alTart in («fhar ra^5^aat^4 wuh 
thill, oil ('Vi'l'y nci'usitiii that tha tl^illa was jaiunifl Iimiu ihi* ^ina and 
tlu' ilapoHit from I ha iron apaaimaiis, on i rfumr-d h* lha watar 

aiiiull i^liibulaa fnriiu'tl on fha ?'.iua, and mu raaahiuj; j*., iurb in fliaiu- 
('tar ralauHi'd tlu'iuHalvas and flaw to lha Miidai'a.” 

Tha proportionH naaahaary to insura t'««iH|«!rta proiaaiiou fratn 
corrtmum in inuritia lioih’tv ara ona squuir (mu! ni /m«’ to fifty sipuira 
[('('t of lu'aliiiji!; Htirfaca in navv Itoilars. wldah nni> Ih- tliiaini'’ha«l aflar 
ji linio to ona in Hovi'iity-livt* or I'Van ona in ona buniltf'd sipiaia faal. 
Mi'H'ly placing tha ^.ina in tniya, hnugms. or sfsips tnli n.t4 insura 
nu'talllc contact, d'ha lu'llar and g«*narnlly iraoifni/rd juaiboti i»f 
fixing tlu' r.inc in to jihua* u nuiubar of aiud** in lha ’•lidrs of lha furnuaaM 
and coinbuHlion-chnnilM'rK. and to boll on |o ih» (ha /.ilia 

platoH, tvliicli Hhniild be about Itr'xti'^ s f'’*, || i-,, insjH»iiimt to saa 

that the contact Httcfncaa an* ciaan and biirJii. nu'l tin* nut sarr-wad 
chmo down to the y.inc to axchali' tha watar auil dapMsiin from tha 
contact KurfaccH, thuH compnrnlivrly iusnlniini,' (ham and pravaiuing 
tlu' galvanic aclion. Otharwi.sa tlia /.tnr in naiad u{»mu luosilv as a 
Holvanl that rantli'CH the W’utar iniioauou-s or non a\aiun},^. imi does 
not ]vrcv('nt the wati'i' from forming a hard sanla whan ti is satnrnlait. 

Sheet zinc. huH provi'U (n be a iluralda r»K4iug malarial. Zine 
is rc'diiced in deiiHity from (l.Sfi to 7.2 in tha ptorass of imIIhik into 
sheelH, which cIohi'S the' pores and randars lha mala! la>s allaalad 
than timplatc from the ammonia, cnrlnmic arid and niiiiospharia 
gasi's. 

Berlin zinc roormg-platt'H (uupainletl) have l«*aii found lo !«’ not 
inak'rially affe'cted after many years* expoauta. 'I’lia waaihar formad 
a thin film of oxide on their snrface.s that efTa<*{unlly |travanfad fmihar 
oxidation. A few ('am'K reported are im fiiliows. 

The CloiKtem of (•anterlniry ware eovarml with ziiia roidlng and 
wore uninjured afU'r 3d yenr.s. 

Tho PortHmonili Dock \*aril BuildiiigH* roofs ware iinlnjurad nfiar 



u. iciivrrt uni imuu-ii IX'COIIU'.S WllH a lllin lillU 

of fluxing or noii-dryiug oil I lull fills lh(> port's of iho tin, and if tho 
roofing is puinti'd soon as laid, (his film prc'Vi'iils the iiaiiii from 
adlu'ring lo (ho (In, just us a machini' groasi' provi'uts a paint from 
bonding lo a Hurfac<‘. A ft'W monihs’ ('X])osurt' (o (ho almosphoro 
slighdy oxidixos llu' (in, and (his oxido absorbs tho oily coaling and 
allows (ho woalhor (o wash il. away and llu' paint has a oh'an 
moluHic. Hurfact' lo bond to. Tin^plalos doubly dippt'd aro b'ss por- 
ous and more dnrablo. 

Till' (pialily of i*oinnu*roial tin-plab' is greatly infi'idor to that made' 
forty yi'urs ago, and appoars to rotrogradi* yt'urly, Lt'ad, antimony, 
and olhor nu'lals aro mixod with tho (in in tlu' dipping-bath, and 
greatly rodnoo its ri'sislanot' to rtirrosion. Xoiu' of iho adnltoranls 
form a Irnt' alloy; they aro ordy morhanioal mixlnros. They all 
dilTor in oxidii'.ing power and idooirioal nllinitios. Thi' It'ad isoloclro- 
uogalivt' to the tin ami r.iuo, which again ari‘ of opposito oloctrical 
natures. 

Thc< animmt of sulphurous ami carbonic acids and ammonia in tho 
atmoHplu'ro is t'uotigli to form the excitant oli'inont noctlcd (o ih'com- 
pose th«*m om* aftiT anotluT, until the coating is math' jinrons 
and th(' iron is corrotlcd in turn, 'Fhe life ttf llu* tin-plates is also 
governed in a great measure by the want of cart' that Iht'y should 
receive in the preliminary fnckling with muriatic acid, to frt'c' them 
from the mill scale tluit always attends tlu'ir rolling. Ordinary 
washing with Fmu'-water titles not remove the whole of this aeitl, anti 
the tin coating nsnnlly has a tlouble galvanic pile in a sandwich form, 
really f‘*r tbdy on tin* least eneonrngemeul. 

'Flu're are bramls tif liu-plnle ns lamestly eoaletl at the prest'til 
day, ami as reliable in all respects, as any ever made, hut they are 
an exception, not tlie rule. I’riee ami the gullibility tif the purchaser 
govt'rn, as in many t«ther imulern imhiHtries. (StH' Fig. (1, page 

lletFlt'nd paint eontingH soften tin rtiofitig, but thi not wlmlly 
destrtiy it, nltbongh stune tif tlie tin may be ehangt'il lo a white oxide 
that is easily removeti by nlmosplieric influences. 


(HArrHit win. 


INKUT intiMKM'H, UU Al»li.Tr.|{ \XTf4. 

'rnH iUffi'n'iit HulmtuurfH kiH»\vu «?♦ iisfii |»t|,'Siiirnl.n nrr timnl tu r 
gival cxU'iit ill llu* i>n'|mrnUi»i» t»f j»*nrly nil |»n!itrulnr)y 

in llu' luniw judulH, wlifi'i' llu* fUuutuil i«r iia^rr t»i‘ ihrm fr»** 

qiunilly oxcchuIh ihul uf ihr Imw 

lliiwovi'r fuhuWHibk’ lh«*ir um^ (»•!! iimnifsl mC vtmi i«isiy| itssyv In- in 
juiiulH udl. clartHcil an pniUn’livf frrru* lls»*ir duriilnlj!)- in 

any (iiiho h ilrli'miimnl hy ihi’ rlmmiii'r tif ilir wmkr^i rlriiirnl in 

tlu'. aHHciciatad In rnHlHl utn»«w|»}irri*’ t*4»inliii««iw. %\liairvi‘r thr 

bani' pijiimi'nl may 1 m*. 

Tlu'. luanufacbifc uC " fmtnti pi uIm" wnnl«l In* iilirtuwt nil wi-tr ii 
not for llu' Vary liboral uhi* of ibnw inrr! I'brv »r«' wiiil 

to (‘on’taU, almost t*v«*ry dinrinmnlal tjunlily in Uu* bitsir ]«i}'inrnm. 
Vet with all of their btijwleil virtur?*^ ihrrr b lKir«lly a inamifnrfnrfr 
of paint willing to ntlmil their uho, or thiii will fiiriibb an ismdyj'SM of 
his proihu't that conlainH them. 

Many of llu' uses tind ehnratieristirn of ihi-w* ifirT#.s, |orii/»n'«, 
or nthiHn'iuUn have litam meulioiietl in the bimir pinineiil^ rhiipi* rs 
aiul ('Isewhero in this work, but lire brtaighl |i»p‘tber here for nan- 
])arlsou and ready referenee. 

('nrhnnatr of limr (CiiCo) in wane form nlber tliun hb «|tiirk» 
lime (calcliied limeHlone or marblel In oftm um-i} 11,1* m tltisirnblr ndnl* 
terant of many paints. It is eiaiined l«» !«• i*i|«'rt»lly fiiiiombk* to 
eorreet the Hulpliur element present in iron oxides, 

('lidlk is a friable earbonate of lime thnt, tai nwaint of it* i‘hei»|o 
nt'HH and several colors, in the nnwt uml. Its f4|«*esfir grnviiy in 2.2 
to 2,H. Aeeording to the biisit! oxides in ii, the roh»rii fire "ttliitr, rid. 



VVlUUiifi:, WIU'IJ UM u uhihc vo lonu u caomiciu 

ivaftiou iK'tWft'ii tlu' (til aiul itHt'lf that rcKultH in the fonualiou of a 
I’mic Hoap, which Is nth at all a tlurabh' Huhstauce. 

Putty, huwi’Vcr (a inixtun' of whitin^j; and oil), in a very diirablo 
hotly, and witlistandH ntinoHplu'ric exposure and water rotnarkably 
wt'll. In this ftirin it illustratcH tlu* theory that the pif^inent is tho 
life of the paint. 'Fhe suudl amount <»C oil in the e.ompoHitiou of putty 
is the eaust' of its tpnck drying. Its ntass, wlum apidied, greatly 
oxctH'ds that of a paint coating, aiul its shrinkage Bolidincs, instead 
of rutfluring it, liy a movtmu'nt in a niuuher of directions, tia in a 
[laint. 

[iariftvn {I Inti'll SjHtr), Ua.Sth. Specifu' gravity, 4.3 to 4.7. The 
natural sulithate of hariuni, consisting of one atom of harhmi oxide 
(Hat)) (15.(17 per ctmt, and one atom (»f Huljilmric acid, 34.33 per 
ec'Ut. It is the hea\ ii%st of all minerals, anti is found in all stages of 
purity, in traii.spureul, eolorliw, while tti yellow crystalH, also in a 
granular ami compact hu'm in heavy heds riHemhling marble. It 
is coiunufti iu all inetnllie veins, allietl with, or ehanged t(j, calc- 
spar, spathic inm ore, eerussile, ipiarli?, limonite, pyrites, and other 
stihslanees. It is the white variety that is gromal for a pigment, 
hut lacks the opneity or light -rellecliug or coloring power to form of 
Itself a gotni pigment. It griiuls hunl, Hpliut<‘ry. aiul Irivgular, and 
is used to give weight tt* paper-Blciek, xinc oxitle, gypsum, and all the 
other Hgld pignientw lliut lack weight tti cmddt* them to inaHtiueracle 
as whili* lead, (‘haplcr VI.) 

Barytes lirighteus light-ct»Iorctl paints, though of jioor coloring 
or light "ilispersing power; also spreads taisily and naves oiL It ia 
mixj'tl witli nearly all i»igmenls, and hy the use of a Hlift or short 
bristle brush, cover.s a large surface with a rmauhlauct* of a good 
paint. 

White haul dotnH m»t cover so well W'itli barytes, but jsiuc oxide 
c(»vtw iM'tter. Zinc t>xide lacks weight that barytw fimiwhea and 
also savt's oil, advunlages not igtunvd by the cheap pauit-ooin- 
pifumlerH. Barytes thw-s not unite with the oil in any deffoe. From 



(11 Vdlntilt'S ttr ([Ult'k tlrirr>. niMjsr i-. fin- i i.i jayiiK'niH. 

I’lnnli’il Imryti’H is lli*‘ jiruuinl iisiininl '■•liii.ltair llnalctl 

(lit ill wati'i* 1(1 jsivt* n (iut'i* jinithui, 

Artiliciul InuTtfs (Hlmic I iu:i*Ir !«'. Itr.iiiu-,' Inuiuin cjir- 
iKituiU' with Kulphurlt' at’iil nu«l pirriiaiaiusi' flu- ;isfifs«-!a! Imnics 
fi’din (he Hdlitlidti. li is It'.HH rrv"«lnllinr ihai. flo' li.sJuiiil *>ulji!iaU' 
and litiH a greater edveritig junvrr. 

liaryia white, Jti'riuaneu! whii**. uhiir, rie . are tif 

this ('lass of jiignieiits. lUniH’ l*’i\e with th.- iismt-i'.'*! linrvtes 

cotupoHt' llu» prhu'ijinl Mib'ttnneeH in nio*4 i»f ilsr rMnniumaal whil(' 
patent paints. 

latluipoiu', a trade-mark fur nne <»( (lu-Hr navtini-'^ lue* an e\tetuletl 

sail* undi'i' the gilisi* of while lead. dVade mink'! ate rjenh iaveiiteil, 

hut they add no durahility In the pninl. 'khev luuw ainnnd m paint 

literature as easily as Mime «<f the Hnleitanri-'s en^eii'd \*\ the name 

move in tin* vt'lurlt* that given theni n lu»mr, si j«m| ir-u 

Barytes as a iiignu’ut, esponed lu jur ur un sindesgsnsmd Ijudies, 

condeiiHes water and earlionie aeid and i'^ I'Movrifi'd nUu n eailmnate 

with th(‘ evolution of Hnlplmreisetl h\di«anm. rhi* •IrtsunpnHing 

fi'alure iii hsirytes seein.s to he igniii'i“d By pauit rnsupinmder-’, hut 

to it tin* fsiilun* of many eoafiiig.H esm 1 h nflt shnied. 

IIos('’h experiuK'nls shdw llsal letivleM in joa Cmiih, uhesi ,'iels-il 

Upon hy wati'i’, i‘VoIvt*H sulpimrettesi liydrogen nod MulplHHimH judd, 

leaving the deeompoKed lime frin*. 

Hansfidd has also showts that Hulphuie of lisae U dec Mtupic^'d hy 

ilu* galvanic action of two metals or metalUt* in etndasU niidsT 

the ordinary expoHures of a paint. \\ hm Imils hmyteH {s.ud vvpHmu 

are iwi'sent in a paint, this gnlvnnie aiiinu iH-twren f litre -ml e.f.niu'eH 

w crrlain to occur, Mixlures of haryten and gvp*nint usfli the ii\ides 

or earbouates of zinc or lend will in m, degree pti.ieei anv mie of 

tlieiii. Tluyv decompoHe one after the other; the ti8>4 li. Im-ak d.nvn 

only adds to the electrolytic imergy to Imrry up the d.sn.inpnrdtion 

of Ilu* otliei-H. The tliin nim of nil in which tin- pigiiumin jn-,. endH-diled 

IS sntricu'nlly porous to admit the atnnwplserir mm*Unre niid rsuhtmic 

acid necessary to start nj) the diHintegrnling prnre*,.H. 

Butty made from harytes, wliiiiug. and oil drien is, tn a hard, 

11 ...... 



uuu ii £i!>i wiuw! icjui or zinc oxuio, uio 
l(‘iu|)lalitin (o UHi* il ill plju’t' ol tlu'sc pii^inculH is noL ahvayw roHiHlc'd. 
As a mill' no rnspon.'Hiblt' pniul (inn with a Imsiiu'ss n'pututiou to 
sustain will sell a Imrytcs nilultiTutctl paint uinU'r llu'lr name. 

Additional data aliout the presence of harvles in a ])aiut is givcai 
in Chapter XXIX. 'I'he coverinij: and coloring powrn’ of baryloH iu 
coinpurisou with white lead and /,inc oxide art' shown by Kig. 29. 


I’lo 'in t '<«■» «'rai}{, 111 jarri 

Hrirk-tiunt ij» u*»ed foa lnr|,'r exleiil to ndiilti*riit«* rial lead and other 
red piihitw; even the hov-prire iron oxides do not escape it, particularly 

\ s i .. 1 .. . . . M 




ollu’!' ])i’()i)(ir(i()iiH tif llu' same ingri'dirii**’, whi-tluT n|ijili(<tl 
to wood or iron. In /foiioral the tiles ndiled uniliini' to the tumlit v of 
the piiinl, only nnhiced the oust of it. 'riiey are |iiurttcully nHosidi/- 
able by atmoHplu'i'ie. iiifhientM'S or weak neidtilnitN ‘.nioiioie<, and are 
ek'C.troiK'gative to nudtds or their oxides, Itt aiiv ideeiiMhiie netioii 
ac't u|) 1)y any eauHt' in a paint eoniin^ of whieh In iek du'^i U a ptiri, 
the tendency will bt^ to dt'eompttse the «ither pi|,fmeiii S , I H i!t|v, behn't' 
electrolysiH in developetl in the covered irmt Nttrfnei*. {See paj-e "):!.) 

I'\'lds])(ir, Specific gravity, 2.5 t{»2..H. 1 teeompo^ed nuea, yrnidte, 

gneiss, and most, fonns of busnlt ftiriu this tdiiMH uf nilnllerants. nitd 
are till inclined to further <lecompoMition on exposure to the weather. 
Many of the firt'-clayH tiw'd in the mnmtfactnre of tire-hriek are lirok«-n 
down and dt'comjtoHetl feldspars. Its om* in the {•onipoalion of .a 
pigment is (d the. most unreliable chnrneter iti nil ves|«TiM. It U as 
poor a substance for an adnltenuit ns nntnn* funu'.he.H, Mixed paints 
fretpiently contain Ifi to 20 pi-r cent of it. h'ehhpar ixarries a Inrye 
amount of water loosidy held tmd fret|uetttly {u-idtdnied, also ’and, 
etc. Itisetisily whipped up in the oil and mixes wril wiili yraphife f«»r 
dark-colored painls. 

Gi/pmm {Sulphate of Lime). .Natund mitierul i hvdr.ated }, ( at ISI ), 
+ Ila(); calcined, C^aO.SO;,. Specific gravity. 2.1 to 2 ,h. 'Hie tint- 
ural mineral ground is the plasft’r that farmers te»e on their crops 
to attract and condense atnuiHpltcric moiHlure, (nlcined t»i «*xpel 
the, one atom of wal('r ludd in its nnlnrnl etaie. it heeoiueH the 
common plaster of Paris, nsetl for tlu* hard iinifdi of plasimcd walls 
of buildings. Tlu* ])ro('{*sH of grinditig is supponed to ihivc off the 
one atom of water it holds tmiurally, by the heat devel»»ped in the 
dry grinding-mill, but this is sotm replaced u|Min a short expicmre 
to the atmosplicre, and when used for the Imnl finPh, it nneu h* 
heated again to disptd it, or a lutrtnw wall caatting result?.. A hydrafetl 
sulphate of lime coulains over IH per ctml «jf water. 

When used in the composition of a paint, it nneu !h- tlu»rotighly 
calcined, and is so specified by parlies wlm allow tin tme. Neglect 
of this carries the moisture mlo the pamt, where f^ons** pta tion of tlie 
sulphur element iu the gyjiHum is rek’iiwal, ami eoml lining with the 


iKtuu'iuin fniiulinr Iti all imiiilcTH, Imt not always atlrilmLod to the 
caUHc, vi/,.; (<»> much of a sul|tliurttuH adulU'rant. 

(lypHum griiula easily, is ojauiuc, and iii(a)r|)(jrat('H rcaidily with 
most phcmcnls and the vehicle. It is not liahh' to scd. or Htdile in iho 
paintdmek('t (H* paeka|i('. and prohahly is the hcHl of all tlu^ inert 
snhstanecH to use as an adnlterant. 

The extra atom of snlphnr in tlu' natural miiu'ral otlu'r than that 
ne(’(‘Hsary to form tlu* HidphnnatH-aeid eomponnd is slron}i;ly c.oin- 
hined, hnl if the mim-ral •>!’ ground pigment is ealeiiu'd at a tein])ora- 
ture higher than that mu’cHHury to relt'ane the oiu' atom of water, 
the Hulphurie'aei!l alotiis are j*xriled t(» n degna* lliat will afterward 
manifcHt tin* satne destrtietive properticH as the Humi' eh'inent does 
ill any other pignu-nt or suhslnnee, and uh noted above in the “liver- 
ing" of the* gre«*mpaint c'oating, 

A Hynihefieal sulphate of lime is HUpjioHed to be formed wh(>n 
iron ore is roasteil in n ftirtincj* in eonlael with a tjuantity of carbon- 
ate of lime. '!*he roasting proeena, IwHideH driving ofT tlu* inoistim' 
in both the iron ore ami earbonnte £»f lime, and a jiurt of the Hulphur 
in the iron ore. exj’ites the remnitung nltnuH of nidphur to leave the 
ore, ami eombines with the now aidiydrous enrhonat{» of linu', CaO, 
ami fortUM the anhyilroUH Hulplmle of lime, I’att.SOj,, de.seribed td)oV(‘. 
Hie prtu’esH is an unsniisfartory om*, ns the carbonate in geiu'rally 
added in great exee^is of the ntnount needed to elTeet. the elu'mieal 
tnimbinnlion u ith the «ulphnr tt) form the anlphati*. When the roanted 
iron Oft* in r<'move«l frtim tlse furimei* to la* ground, the Hulphatt* ia 
mil distingui^'linble or separnble from tlu* uneoinbined earhonate of 
lime, and both are ground ttiili the ore and appear ns ailullt'runtH, 
that may In* d. Itt. or 2tt |w*r i‘eiit, or an niueh an ran he utdoatled 
upon tlu* eonsuiner. 

In whatever nmotmt fltew* lime |inHluct.H are pri'seiit in the* iron- 
tixitle pigment, thev lire both, like the oxide, ntihydrous, hygroseopie, 
and readily nlirari inoi^uiire, freepieiitly 5 jwr e<*nt in oxule pig- 
inc’iits that have !w*en made for witne lime. 

'Fhe Hynthefieiil siilpliat** of lime formed in the roasting of coji- 
peras, m dr»eril«*d in the preparation of that substanee for an iron- 
<rxule pignieiif, i» «»f file Miiiie rliarnrler as that fn*m roaate*! iron 



any iicriiiaiictify lU ciutir or juiuiMMui* tiuaun* '’ 

Kaolin {Aiiuriraii ‘I'ti'ra .Mint). A fla^ i4 !h»- ■ uiiir (in--, n-. jsijic- 
(’lay, China clay, ptiUcrs' fla\ . elf. Tia- rr«i»h'h rulor *»! iht* laitrr 
bciiijm; (hi(* to (la* imn ainl nllu'r UH-falhi* >j»rri!!ir rtra\ itir.s, 

‘i.ns to 2.71). 

'I'licir pnicral (*otn[)o,‘^iiinn jr* folliiUK; 
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All of lh(’ plKincnCclayM ^riial r!r«’a”>v, nial n»r fa nh InoKou 
down and (h’composcd hy (he wntlUiT n>. juu ..1 lUr rlns ^ in hmMiin' 
brick or mud from a mill'poml. 

Mixed with laic, (he clay.M an' .'■aipj»>‘»«'d fn jnld ’Hiijir’ aibaiitarn' 
lo pigments of a Knumlnr rhnvm'tor. Wlmi ibui a.h.'intm'r M ihr 
author liaK never bemi abk' In axcorlain, bui hi- Kuu«'» ihry enma- 
paint (o peel or crack. 

iV/nr/. S])eci{ic fjiravilv, 2.S. li M romiHiMril ,4; 


( arbonali* (if lime, .7ii pi’i I'l-isf, 

Silica \’j ■' 

Alumina ;}o •« 

OxidcH of iron ami itmngam'Hr. ... 'J *' “ 

Water. i " ** 


tlKi '* *' 

TIh gray color prevenlH itn uko hh na aihdlcnml of tlm wlufr {sniai-. 
but in the tinted colora it in imed ijuite an hh knuliu nr rhnlk. 

it iH (hdicult to pulverise on umamt of !(« tirr!i.*.v nnlmv. It Mavr-* 
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Ochrr. A yt'llow clay contnininji^ from S to 15 por cont of water 
looHcly Ih' 1‘1 with large* aiiunmUs of aand, uIho marked (luaiititieB of 
iron oxide aiul Hul|iluir. Wlu'u motlcrately luuited, the lower grades 
of ochre coiitaiJi Huljihur (‘Hough to change tluiir color to a pitilc or 
low red. 

'I'lie common grnd(*H were formerly uwhI an a coating for tin roofs. 
They \V(*r(* idwayn Hubji't'l to hliHlering, from U»e largo (luantity of 
watt'i’ tlu'y carrit‘d into the paint. It in an adult(*rant without a 
ningh* itiert eh'inetit in it, ami IIm prcw'ucc* in a i)nint h generally 
accmnpanitHl by an pmn* a ((Uiility of oil an it in a pignuMit. 

Silicn (Si.Stb). SpcH’itic gravity, 1.9, «* ) I tiM *^^ii Ih a aulphato of 
ailicou containing om* at«un of silicon coinbiiuHl with one atom of 
nulphurotiM achl. It in found in crvHtul.H of diffc'rent d(*grees of 
trauHluci'ncy, and fornw a component pari of all nu*talUe oron; 
of inm (JH*, frt*quently, 59 per cent. (See AnalyneH of Iron Orea, 
(’hapter 111.) 

In ilH natural form it in (uie of tin* most impc'rishubk* of all min- 
orals. It griuds iianl and splintery, and in diHieult to reduce to tho 
fiiiemw retjuirtMl for a pigment. Mnmifartnrem of Htliea pnaluctH 
mthjecl the crystals to a bright«re<i heal aiul (pu‘nch them in water, 
eansing them to fracture and grind ua»n* (‘anily. llowcvcw, the 
calcination ilrivi^s «ilT a part of the .Httlphurie acid and rc'iaU'rH tho 
f(ilicu caiiHtie, tlu* latter condition is not a favorable one for any 
pigment, inert «»r bnsje. 

Silica in not alTecf»*d by sidphnnaiH gases, acids, or alkalies. 
MohIihI s^ilica or silev makes an excellent wood-filler paint. All 
niliens are diflicult to hold up in oil, and «»n settling, eakt* very hard. 

Suutl, geueridlv stipiHistsl to be tite same sulwlmiee as wlicu, ia, 
however, of tjUiir!/. fiuiualinii ns jui o\id«’ of silicon, speeific gravity 
l.'ll to 1.7th only al«»nl twi»-tliirdf» the weight of silicn. It grmda 
hard and splinter) . or m an irreRular crystalline form, and in difficult 
to grind to n pigmenl . 

Xeitijer silica nor Hand mix with othiu' pigmetds. except in a pnrtdy 
inechanicnl nmfiiier, diflering aerurdiiig t*» fin* specific grnviti(« of 
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tiirer of juiiulH will urkiuivvlcil^f. ’l‘Uf ruvrrinK |tMWrr «*f Ih 

shown by h'i/^. 2l>. 

Fiiu' Hand Ih uh(h 1 for an aj*i»li«‘n!tnit l«* imint on «*\tt'ri«!r 

surface's with a view to nITonliug an j»tnirrii«*n fn»ni niinctH- 

phoric (‘ffccti^. It in all canrH ha-HionM iho di'ra\ (»l flu* paint It 
holds tlu' inoisturo, ilnf^t, and ttlln'r on-'ann- aurora, and their 

OJisy and early deeoinjjohilion ri‘?<ult?», jtliUrr'* loins iiHue rondily 
undt'r a sand-coated paint than with a pnisit nlinir 

Talc {Slcatitc or SiHijKHloiit ). S{M*fitie p.ravilv. 2 t’»d to 'J.k, 
(Irinds greasy and flaky, is inelinod it* a pamf !*» porl. and is 

rt'IKtlleut to tlio oil. Us use with kaolin liaj» Us-n |fi\rn, U is n?<inl 
for a special adidtt'rnnt of flake and tUhrr Kraplntie s-arlmiiH {mt 
Clui))tt'r XIII). As a pignaait it lues no ijUalUieH uhnievi-r. As mi 
adulterant its function is to enable «t»nie i»bj»*»'i»otmble HuleUnner to 
attempt a misHioii that eoidd Ih* lH*lt<’r perbnined bv a stnuid»t piK- 
rnent. 

Tlie idaive list does not e\haust the MubHinnrr.H known a?» adul- 
torants or miHcalled "inert” piKinent^. Af^ proiortive eoverinu?' for 
ferric bodies, the proteelivi* effirtw of tin' inert piKUients in n»*e with 
the basic piginents will be notisl in the paint te^tw made to detennim* 
their value (see ChapterH .\XIX and .\X\t. 'I'hetr rovering t»r 
coloring powers are. shown by h'ig. 2U. 

The following amounts of inert pigments were prodnee*! and used 
in the United States (avemgcHl for the yenm isps to piwd i : 

Haiydc^, all griult^, 12d,(KKl slmrt lon>, (’o^i of tin* rrudt* nnneral, 
S3..*i() to Sd.ftO per ton. 

Imported harytw, MtKl toim. inehaling some llonted, t ’ omI of 
the manufaetured article. ld(l.r»Cl to $1 1.IM) per ton, 

I'eldspar inineil in the Unitisl Slates for all ptirj«»»e« in Isltn to 
1901 averaged 27,2K() tons atal cost from SI to f«i per ton 

(Iromul slate and sludi* for jiigmentw nveriigetl 'UTimi "dioii i««nH, 
value from $9.50 to SUktHl per tmi. 

Of soapstone gromtd for pigments timl fonndrv it»e, there wese 
produced 9000 tons yearly. Value S| to !) ri*n!.!» per |H»ni8i!, 


CIIAPTHU XIX. 


KIMUl l'H OF TFHl'KN'nN'K. 

'Tuk ('oinpohitiou of Hpirits nr oil of liirpt'utiiu' is Sjn'cilio 

gravity, D.sil to O.ss, with a Ik a ling- point always iK'ar KKf I*'. 'Plu) 
s('Vt‘ral varirlifs of nmuiH’irinl lurpciitinc ohtaiiu'tl from lli(‘ sap of 
(it- luul pinc-ti'fi’s aro iiioro or Irxs visriil sultilioiis of rcsius in a vola- 
tile' oil, llu' proporlioiis of nnisliUU'tit.s varying nrconling io 

the .soutro anti ago of iho tnrponlino-lroi*. Sonic kituls tire clctir and 
liotnogi'inKiUs; others arc tnorc or less tnrhiil, holding in suspension 
grauulo-t'i'ystallino iiinHsos, which graiiunlly settle to the boLtcmi, and 
are kiitiwn tti painters as "drtips.” 

Spirits of turpontme is the proiluet of the fiist di.slillation of the 
crude gum. ant! eoteuf^tMof jditnit otie- lhirtl spirit.s}ind two-thirds Witter. 
It reiptires ahiuil twenty live Imrrels of eiude gum to iiiidie two 
barrels tif the spirits of turpentine, that wlien mUstilled is known, 
ns rehnt'tl t»r till of lurpeniim* 

'Phe priiieip.'il supply tif turpentine is obtidiu'd from tin* Amc'riean 
long-lejif yellow pijte tri'o, i'lnus iHiiimlnH (/’, (luHlraliH); jilso from 
th«' Ittblttlly pine. /*. hf»/u; nil protluets of the wiUlht*rn ptirl of the 
I’nitet! Stales, where the toiuferie aie the )uim’i)ial trt'eH. Tlu're aro 
iiumv vaiietie?* of the ( *«»uifene. ami all yiehl gtmm aviiilahle for distil- 
Inlion into turpeul uie=’» and lewiim. 

'Pnipeutine roU'U’^ifH r!uefl\ of {i jiv«lr«teat bolt Clil ((’j„ IIj^) and a 
resin enlltsl "t'o!«»|»lioj»v " ft Speeifie gravity, 1.07 to l.OH. 

It softeiis at Idrt'to 17.V* lA ami iiielts )M*{\ve‘en IW® niul 212“ lA 
1'lie spirits of t urpi-nline eon?.! itulrs nhout 17 jier eemt of the yellow 
pine-tns* sap «tr ermie gum 'Phe t/an’tiwr- poe- fnrnirthfS idiout 24 
per ei*!(t of spirits ttf Itirpeiiliiie. 

'Phe exuded ifiim from jilt t»f the ttirfmtit himtna'S is n yellowish, 
optitjUe, tough iHJoiri, brittle and eruiubly when eohl, ery.stalline in 
the lnt<*rtor. ami of n e!uirjie!rri‘-’lir fjeUe am! a dintingulslting 



I*, nigra, and /'. rtilaittlaltt. 

Tlu' fnim tin* Aiiifrifnit «*r ( /*j«*i* ttH.Hir,tits nr 

P. (wdit, 

'Flu' l''r('ncli, fir Hfinlfiius, tiuui tUr iUuH» imt) iiimm , 
thd Anu'ricfUi lurjifiitittc in ihImi. afi«{ 

sidon'il to ht' llu' tmickc.Ht thifr. 

Tlu^ Stranhur^ is llu' jirtidurl frmu th«- Aim.-, jutiisutitt niid finm 
tlu) apruc.d fir, .l/i/Va i.rcr/w/. 

The Vonicf' is (lu* jimthift front th»* 'i't h iHniinfm ntuftt, m- tiu' 
larch, Larix niropni. 

The Iluiigariau is frmn I*ium jmmiiui. 

The Carpal hiaii, fonn lltt* /hints t< ha-i n Inifr! fu'itv 

The Cyjjriari, Syrian, firl'hhi, nh(»iitfd as {1a>'. i t isi sn the iAsiin-in 
terchinthuti. 


Totiipllti, or piiic-i’iiiit' oil. is fmni'this.l Ismih i!u- i Mja-) mS {hr Patim 
ptnuilio aiitl Iho AIu'ih iHtiniultt. 

The Cauadiatl oil or (nlmda fimn thr l/.u’i a { Hnlm 

of (iileml), furnisht'H tho whitest and pnn-t ..{ ;»j! i.j {!„• iai j.i-nfiarH, 

Heliitod to Ui(' tnic ttirponlinr-odM nir t!»c iw ,,il, n| ih,, 

eotuffM'OUH plfUitH od of juitijier fioiu llu' i u i Hiid 

the oil of aavin frofu tho ./»«// mthu Mhua. 

A ehanufterislic fi-ahin* in Atnane-nn fhnt |h,,v 

})olai’ir,('d to the ri/^ht, while utant of ?Ut< fns praijni'i fjoia ofliiT 
Houret'H polame to the li-fl. 


The crude n>siti from which fhe oil of {iirpndinr i-, dt Udlrd han n 
Hpeeific gravity of O.'.m lu u.iis. ncc.irdiaK Ch- liiar of a . mllrr. 
tioii, whether in tlu' (im!, Hecon.l, third, m- fonrih vnu nfin thr {j.-r 


in boxf'd, or during the litui* of eollecfin^^ !hr drird m the fu’-! 
flow in thespriuK, or thi*Mttmmer.oi httrrin Ihrhdl, AI-. h-. fjrrdom 
from Hand Jeaves, hark, uitd dill ; all of which are iru.lilv iilo,,ihrd 

liy the sticky, tlryiuK f^ap, and are otdv letuoted iti ih*. >4 

(listilliii^^ the jruiii for KpIriiH of tni-jH-nfine. AoMth.-r di-idljiion i-, 
required hj produce (he oil of turjH-niiniMir *'fnrio“ of the p.dnter. 

I'iK. 30 showH the okl iindhtMl of lasting the to r.dl.-rf the 
cnido rcain. 


In addition to the exuthnl tfuin fnnn livi* 


ling llu' t‘()nl“\V()0(l, nrc cut dttwn ami distillc'd in a kiln or oven similar 
to that used for tlu‘ production of charcoal from hard wood. 




aciils. 'I'Ih' ('iTcft til’ tlir um* til' ju n |«,tJ!sS nr vaJin-h in 

to llatlcn tlt(‘ gltiss nr hi.Htn*. 

lOvt'U with n pun* turpunliiu* itnt ituur tlmu I |.rr miit ih lultuksi- 
l)l(' in u paint; ami leas than tliia tl llu* fiupfutiur jmm.i nr fait}. 

l*uri' turpt'Uliim-ui! is atluUfVatnl uifh tutuln m timlihUlliii tur- 
pt'Ulint', liglil-fnlnri'il rt'Niu-nil, ami ir>in, 

’I'lu'St' atluhlTillinUs art* ili*lt*ffi*»i l‘\ lln* P^, mlii'finnUH MHfll nitil 
luiuai'tiUH iifli'i'-ln.'-tt' tin (la* tnuj*ut* aii«l l»v thr rh;iu|.u* iu thf >pffi!ii* 
|j;rin’il.y. Ainu liy tin* rfiiftimi pri‘«!m-t-*} l.t, aiMsnr S i|rn|»-. t.| ’.tnmi' 
uiunniuin In UO f.t*. ruhif jut-Ut !». iln* jtupfsdjur. Hu* 

iiig' tin* lilt* ra, suits: 


I’tii'e oil (it TuriHiiitiut*. | 

.SlHSlIil- I 

Ur'(»B '>«if»h 

I’la'f fill af tiirtM'iitiiii* n*i‘i'iitl\ 
(liMlillcil 

i 

a KtiTs i 

1 

\«( lie i »ji j w Id *{(«■ 1 t 

\t» t* 

! 

7.'l-l()l) pumitlH {HT fjnl. 

Old ina‘t‘ till (if (tu iH'ulint*. . . . 
T.-lfilt 1 juiuiuIh ]H*r gal. 

(1 .sr.tia 1 

tit !» ft H r^fcniupi, {i.ttitiitg a 

wluti t r% v-if vlliitf tsti|i«i(ii4n*f utlh (lu* 
i't«ii«itds ti» \ tif InUti-i, 

Van* Ini'iri'tititu' yilh U) |«'r 

(’flit, of vi'Hiti Hoirit 

7.n i5)(5 pomitlH iH'r gnl, 

0,H7.H| 

t nritn nn i mol uhul* tujisillv U*« 

fniotH ilfitr. 'lilt' aittiidtitia olijch 
tM'pftralfn ha.n n pidi- t, illitu r(»liir. 

Idtrc tnriM'utint* wth 10 iht 
(’ flit (if untllHlllIftl turjH'ii- 
tint', 

11 syst 

t tiroi’i nit fiijtil'iitto oho h l»» i i»m« ’i 
clt'/tr njt .?l!titilii#r*, {.fjifi it » uu ftnii'*- 
pni'fiit '^■1 liiiifid «<f »» I4»n”li t ttlnr, tin* 
liljtlid nlndt- Ih tlij.* inlxlt* n;.. 

7 . .1*10(1 poinidH p{<r gal. 

I’tin* tarix'filiut' with 10 jmt 
(■('J it of rct'iii 

(i.kk:u 

Knrh ilrop nf niijmt.sun n|»|*« i»i In >>nlid« 
iff an it tnlt*! iitfti f!«- *1(1, till nyitin 
til'll tin* « hull' ^tthtlilit-rs int«* n 
li'lit IrninjKirflat 

7 . 30H0 pouiuk per gal 


ClKtravUriittivu oj (hi «»/ Turpiiiiinr, 

Puvn nil uf Uirpi'utiut* Imn tlm aniupnsitinn f>f »ii«| at a 

Hpocific gravity uf O.S.’U) wcighn 7 jHituajM }M*r rmllnti. At tM* 1. 
tin* # 2 :ravity in ar Haiuuf*, ami it wrifjlm 7 ik.uh.Ih |„.r pjtll,.u. .\t 
(50® V. puro turpontiiu* Hhnuhl wuIkIi lUJt Irss tlmu (I.MI2 ijnr uiniv 

+.linn 7 9.78 vwunwl LI 


klWCIbrJL&JL Ktlk iAt 


tin|»Miupt‘r filler. 

An uvt'ruf^t* ((unlily uf tnrju'ntinc biiils at 320^ to 350® F. and 
has a (ln.sli“|ntinl t»f 103" ur 101’’ !■’. 

Cruile lurjH'ntine n'^in lioilM at 310" 1’*. 

Criult' lurpentinc* .Hpcaifir pj'uvily O.OK to 0.95, in diHHolublG 

in water, lait rentiily ^4^l!tlble in ether or Hpirit.s of liirpiaititu^ and 
in HiK partK of ah'nhnl. 'I’he nleohoiie .sulnlion iuw an arid reaction. 

Hroinitu' nu«! iodine a«*t violiadly tipon it. When broUji!;liL into 
ctndael with a nh\ture of nitric aial Hilphuric aeidn it takcH firo. 
'I'lirpentiiu' in n aolvent of all oiln and nvinouH f^ninH at ordinary toni- 
ptM’ntnrt'H, bnt hoiiu* of tl»e hwil rcj^inn najuiru a low heat to aid its 
action. 


AduUmintH aj TtitfmUirw, 

Kih»“diHtiUtnl Hpiritrt of itirpcaithu* contains pyroligrmous and 

other neiila, Hpecilie ^fravity, O.M) to O.S-b 

(‘rntle petroletim.Kpfcihc Ktavity, 3.S'’ to 48® limnndj weight, 7.00 to 
(1.02 poinalH per gallon. 

Hen/iue, .Hpcrihe gnivity, 54® to (12® H,; weight, 6,39 to 0.10 
poujnls per gallon. 

Naphtha, Hpecihe gravity, 02® to 70® B. ; weigiit, 0.09 to 5.70 pounds 
per gallon. 

'Pile pyroligneitOH acid in tnrpc'nline distilliHl fnnn thaul-fat pine* 
wood settlen out pjirtiallv after Mtmiding, but cojinnercial brands not 
rtMliMtilled fUill conlain some amount t»f the acid. 

(’oinmercinl Hpiritn of turpentine h.nn a .Hpee-ifie gravity of .32® 
Baiun5. Any nddtlion of petroleum of 40® B. will ht* aiiown by the 
riMi* in llu* livdromeler; taieh 3 to .5 per rent «»f iH'tndcnui added 
<'anHt»H a rtne of I" H. on the Hcah’. If tlie mlulterant is bt'tw.ine or 
naphtha, tlanj the difference in the HinH’lhc gnivity is very mark tnl anrl 
will at JUtee determine the ehanirter of the fululterant, it being inneh 
lighter than eonh’oil or kercwcm**. 

lAjr the detivtiim of refill in the ^ipirits tnr{Wttine, the pnlarl- 
sc«ipe-twt is the only out* that can !«* ronHjderrHl strictly accurate, 
hut it is a deliente f»!ie. and mpiireii experienee to detennlne rwnlta. 
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Atltilti’niti«»«w (»f tiir|wniiiii' wtlii ivfiii «»il 
iwiihu* ii’t't ufttT II I^njfill i|siiiii!ii 

Kticky nnluri' ninl {iflr-r it ifi i^uir 

'Hh* Usi* ttf tjink riim limt liiivi- l«’rii um' 4 t*» 
hnuii is rrsiH»Hs^»l4«^ for ii umit nf ilir ih»| 

'Pht* rnult* oil of lloir-t sir 

will nirry «>V('r t'umji'li *4 iIh* |w*lri»liniit'i i«« m’li 

gravity of lln* 

Kroni u largo liuiobor of Ir?*tn t»f 

Stuto asHoriislimw til |*j»inlrt»». lunt l*y in«liii*lui 
montors, tho gonortil to Iw llo 

HHtupk'S nhowoil inlulti't’iilioii?* riingmi.' fpiiii o I 
art* tin [H'liiill ti*s for lit** jolnlloi'iitton »»! mlliri 
oil, Hiul whiit lultdloriiltoiif* arr j*ir*i«»il in ain 
orally, tiu* lii^ttniioii of iliriu in lunuiitl ilio j 
puri’liHsiiig iigrnt t»r j*a»nSrr. 

'Phr Sia'i'otary «»f Aiitii’iiiliiJr for llir I iitf« 
ISIH) rojiorls thiit at tin* itrosnnl mlo ««l‘ 
tho Istng-loaf or iur|Miif in**' will 
yoars. I’rartirally llio yolloti \m 

HIV oximUHfril, Hint llir »4 tsifjiiii 

(a'utrcHl in Cit‘orgi}i, Aluljainii, iimi IJotnlu. 



rich in piteh. They cofjtjiin hh hi 
21 per cent in turpeutiiu*. 1‘h<’ laft 
p(»int (15()‘M'’.) HH thnt fntm thi* i!»ir! 
otlier pi‘np('rtiw. 'Hu* kiln |iii»i!n«i . 
clmrt’tml, pitch, etc.) IVetii uiie huH 
had a vahu* (d S27”>.” I’hf trrr e 
when* the aprnce, heiulurk. or am t’l 
after ntiUwHi for itM tiirpcntini- ••nppl 
Ctilmnhia t<» .\Ie\i<ai isi Inri'i* i 

in height. The hark in uw’ftil fur fani 



F. 

It tH niinjHwi'iI Ilf Ifi.H jM‘r rriit <»f earl«>n sum 
{(‘S.,), siiul y jtroiluwl In* iiii.HsinK iIh' vnjwir 
plitiriniH-artil pin, S« i,) ttvi-r rluirnml ki*{>f iit 
<’intttsii’rr’iiil lurfhiHl i»f ttiHijufarftsn*. It in ] 
vapor ssuxi’il uifh air tiski’w tiro iit iilMUst IMM 
grt*nt vMiJonri', It t« ii rolorlfHH, hmvy. v«*ry v 
an iK’ii!. inintn'nl f.H?4o nint « 'i-orv fotiil iillis 


oiJs. 

It is uscul to oxlnu't tlu‘ oil frtuu mtiIn, i»;u lu-ulnrly liuM-cil, 
whu'.h is lioated aiul pivsscil to rciuovo .sntix* ni tiir tal la-fiitv licin^ 
subniittod to tlu^ action of tlic hisulpltiilc. 'rin- u- xluo ruko ntutnin.s 
only 2 IKS’ c('nt of oil niitl nhoiil 7 per ccui m| uah-i. ulul«* the cake 
from Lho onlinary process of iimnnlactnine,' lur.rrd nil tioui the 
Htcainocl linsc't'il conUiinH t) jier «a’Ut ttl oil and neaih l.‘» por iTut of 
water. The oil so expre.'^sed is ol nond <*u{<u. Inn riiutaiie. luom 
imualago and less of the /glyceride rlement. 

'Tlu^ loss in the inamifnct.nn* of the imulphide i > .’iti prr cent 

of the c.liarcoal anil 17 to hS per cent of (he >ulp!nu. 

'’riie use of till' bisulphide of carbon lor a psimi \elnele is more for 
the cluuipi'r /i:radcH of moliiiK or cidor paint', and ti.r uoodeu hIhu- 
tures of minor importance than for the belter i*iade oi tioU'e or ferric 
liaints, thouish in many of the latter it im n-a-d lu-.-lr . jmlyui},' Isom 
the odor, Its u.se is simply as an adulterant of iljr ml and to raiise a. 
quick drying? nf thi' paint, tmd wherever m*r*l it non be «•oH‘ aimed to 
accompany a clieap nil, ami the Krnde of t!»e pt}.»iurnt = uu\rd with it 
will in geiu'i'al he as low as tin* vehiele, 

lake hi'ii/ine driers, it sensihlv lowem the lemper.iime of (he 
surface of the body hein^ covi'cetl, and in eoiil o! ilijiup lociU lou i (his 
reduction is ofteu eliouj^h to reach the dett-|M»mf and rmr e a -.tteaf' 
deposit on the surface of the paint . cattsimr it to pn-l 

''riinro art* special grades of caHam blacks, or beadphidr of |•.lrbtm 
palnta, under many tmdt'’mnrk«. Hpi*rinllv mUrd in ffade litnafure 
for their excelk'tict* ns coatingH for hriue, anunonin. lefiiin-riif ine uml 
hrewem* tfuiks and barrels. IusonH*of ih»*sf«the paint nppeats to give 
good results, Nearly all of thew* pnint.s are siinpli, .’oiplnds «»r imfnral 
bitumen, rt'fint'd men* or Ii'mh, and a biHulphid*" of'i'iul«» 5 i \rliirlr I’on- 
taining little if any llnHeiskuil, d’hey evajMO'afi" mnn kh and k*jue 
tb(‘ bitumen coating lu'lund, and pmbnblv coat ihr ^.iHfarr- loon* ilior- 
onglily than ispossibh* to apply bitumen hot or in am odi. r matim-r. 

I'oi pamtmg gabaumtHl iron, tin* hi'^ulpliide of railwii); aiiin-upr to 
1)0 of merit; at least tlteeoatings eonlaininM »asfjiranioi 5 iii of bs ulphide 
either ^as the pnneipal vehiele or ns a drier do not |„.rl t.-adilv ns 
oil painta of similar eolor nml inements. 'rids fin "nrnbli* 


Hoaity ctmliiiK iin'Vi*ni> Uu* oil-imiul cualing Iroiu boiuliiif!; to tho 
iiu'tul, aiul it. ilrit'a iw n Inost* .skin, peels ('usily, Honu'tinu'H Ix'fore 
it is dry. 

'riu> liistiljihide lieiiiK a solvi-nl of iill .seini-|^lu(inoUH .sub.siancos 
loo.st'iiH tiji tliw s«inp ntid iiieorpornle.s it into the tuns.M of Uu' coatinp;, 
and till* tpiiek evupornlion of (he Itisulpliide leaves it. there. 

'I'here nri' umny inslnnees on n*eord of the di.sastroim results upon 
the health of the painter's \vh«t spread bisulphiih*-of-earbon uiixtures. 
A noted one i^s its Use wifli inuUba (a mineral bitunu'u) for Uie intc'rnal 
and external eoatinns of n imndn'r of niih's of stind-riveted wab'r-pipo 
inain.'^, wlien* the applieutuai of this luixtun' was ulltaided by tiio 
disability, insfunly. and death of a nuinlH'r t>f the pninUa-s. Its use 
us an finti-tairroHjve eoaliuK f«»r pn>lectinK inile.s of water-pipes was 
wladly e\j*eriniental. without a siuftle reconl on whieli to base such 
an aiiplieuiion of nit untrie«l nmlerin!, nml {‘specially one known to 
be tleeitledly iiifmittr nnd uncertain for niinitr purpostw. Had a gill 
of this maltbn pnint IwHii spread in n rttoin where the Hoard of W'tdt'r 
Commissioner anti their MngintsTing Stall hekl ennnei! over (he ])ro- 
tt'cllon of wnler'|»tpe.s from tindcrgrouml c*>rroHion, nil llu' suhsecjiienb 
injury to tlie pnintms and expi'iise »if nppliciuittt! and nanoval coidd 
have been avoidi-i!. Another {‘onling was hnbNli!utt‘tl for the uialtlni, 
hut n«»i before n miinber of imleH of tlie water-mains had bct>n laid 
anil covered in with n»> Iwtier |^rolection ngainst corrttsion (ban that 
wltich could hnv«* Ueeii hnd with ii conling of IioiIihI Hkinuned-milk 
glue, 

In (he ojwn nir b!stil|ihide mixliireM enn be sprentl without nialerinl 
dangt’r or discomf<»rt !*» ll»e pamtem, but they have not a .single el(‘'» 
ment of pftilecfive value Ihni wiirraii!.« their application to any 
ferric structure of ningmiude. ’rbev slioidd unlv be spread on tho.se 
of iniuttr charwier, when- the rorrosiuii nr decay is of no material 
inijMirtance, and the ipiiestiMn i»f the cost «»f (lie coating and its tent" 
pomry nppeai’imcr governs 

l'*ri»«jUenl anah''*eM of ln‘'-«ilj«hide paifit.H show alMiiit ftf) per ct‘nt 
ftf a ktw-grade re^ia, Ifitiimru, and laiiipbiack. for the* pigment, with 
hiirvti’s or siliiat added io git-t- w«"igl»i lliiailp!ude»<if»earbon coatings 
hntsh emt en.silv and spiead over a large area. a.« the vehicle in very 
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ess 01 manulacture, by the action of chlorine on the disulphide of 
carbon; the reaction being, CS2+ 4CI2 = CCI4-I- 2SCI2. Chlorine, satu- 
rated with the vapor of the sulphide of carbon by passing it through 
the liquid, is passed through a red-hot tube or retort filled with pieces 
of porcelain, the outlet of the retort being connected to a receiver 
packed in ice. The condensed yellow mixture of tetrachloride of 
carbon and chloride of sulphur thereby obtained is slowly added to an 
■excess of potash lye or milk of lime, the mixture being agitated from 
t-ime to time and afterward distilled. The tetrachloride of carbon 
passes over, mixed with some of the sulphide of carbon. If too much 
of the sulphide has been mixed with the chlorine, or if the decomposing 
teat has not been strong enough, the sulphide of carbon can be re- 
moved by leaving it for some time in contact wdth the potash lye. 

No estimated cost of the tetrachloride product is at present . 
given, but its field of usefulness in the manufacture of paints and 
varnishes, also as a special drier, is favorably indicated from the few 
-trials and experiments thus far had with it. 



CllAITKU X\I. 


HUH M”>. 

JaI'AN ilricm or jiijUUi^ vnrv Krriifh m shnr r«<!i3jn»sittiuit 

tiiv vt>ry ornilif in lln’ir iirUnii 

the Hiuiu' nuuiuftu'iuri'r, (nkru {n*m ^4«*rk mI iliflrrmi {in, 

witldy (lififerrtit in clrying wlulr s»in iiiiri 8 i|*i i«t rlii^ifv the 

japann of ilHTemit tjiiiHufiu’iiirrw n* »*in- *4 tls*- t/ 

nuiMter paiutoni, l’robiit»}y « nilr fi»r piunirt.-, |,, 1*41*, « «, 
of japaiw in, whim one \um Im***!! iIh-iu, t,, luy 11 , 4 , jj. ^ 

aeuuph' d it to tn>!n|»ani wills sill fiiimr mshI i,, »iirk in ihat 

rrmruifacturor ami bniml jo;4 an a.H it uj. it, thv infirk. 

Till' ist'imml iioii |»r»*r«"Vi «4 siuunsfiyiiitr t«f jnimna 

are; Cltim Hliflliu* ia ttiiii linfii-*-*! .»a! jji n iimil it 

biH'omw thirk nml fwrlttkrH nf ihr luiinir *4 u %ssiiii:4|i, liilKirgt* 
and otlun* Kolss^lnorw nn* l»» «nijrk»'u iIh- .liisnj* ,4 ils,. rr#*siUiti^ 

prinhirt. ilii* msow lias r««4i'«l .Im-wi* !»• « iliirk 

calliHl a “pill," it if* !*» r»»«4 sus*! ilw si ilunairal ttiih tnr» 

pi'iitiiu'. Jfqsiiti w II IikIiI rMlssfrsI l.fMtt sn-^!! iisjSi!*! «4 BlKnit 

thi* fiJijHirtp'iiry of variiOili. \ llsso .-^sufipr *4 it .liir-;'.- jjs fri.jjs !*» t« 
20 mimitiv. Iln* rarr r\»>rri*sr»l hi ilsr snaiHsijis-iHf sh,|* imn-tim {ii«l 
till’ purity of all tl«' S»iilrrl«b iSfa-il af!r=. 1 It-! *nisjJiU , ihpI m,, ||,p 
OfUlw* of MUrli s*rnstit’ rr»»s}i!.!.s I'fsiSjs it- nw 

I hi* ri’plltafii>}| of li jjijtisii or ijiiriissAj Jo;sj!it4,'«r! tjrt'r fjif 

tliucil, hut it tflMW Uol IllwjIV!^ risstirr j* rtS li. 1, it »Jir j.f|r-r |f»strril« 

thfi m'lwtiofi. 

I’onnillll* for arr iiisssirrn'ss--5 aisA atr ftiiilr M-fifljr Tito 

following iiri* n'prmiiialH'r 

C»m*giillnii ro|«l-nri'Si*ii! »44 |j>s.,rr,| ,.il ] |»aiH4 ,4 fi r or 1. V. 

gUtli shf'llttt’, J go|<| |jf Ijjlf'l'j" I iMBijJni l»'i|IS';| 5iSli|*«'!, -I |ii|stlIS?| Ilf 



portion up to lo pur coni, uiui huouki siuy uir ui. n iit«ui>5 

without showing .sciUnu'iit or Hopnrutioii, cnlh'il ‘'curdling.*' 

Wluni applunl in a thin lilm to a clean, ilry {ucih' of glass [>!accil 
in a vortical position, tlu; japan shituld lu* ilry lo tlu’ loin-li in nhout 
2 lioiu-s, and, should dry hard without hccouiing hrittlo in (» hours. 

Tho HO”Callod coucoutratcil driers arc made hy healing liusceil-dil 
with load and inaugauiwo salts or oxide.s in e\«M*.sM, until tiie proihict 
Uic.omos viscous, like a sticking plaster or liirdliine. Idquid driets 
arc concontratod driois, thimu'd out wldlt' Imt uith naphtha or spirits 
of turpontino. Wlu'u applied in n thin (ilni to gluxs ami plnce»l in a 
vortical position, they sliould lietlry to (he touch in 2 houm, ami harden 
in about H hours. After dS houis the tlrier should not rub olT in the 
form of a lino powder when tlx' finger is ruhlanl briskly over the sur- 
face, Idipiid driei’s sliould mix freely with raw or boiled liiiNeetboil, 
turpontino, or benHino in any proptirtion without slatwing clots or 
precipitate after standing ds houw in (he open air. 

Inferior lipuid driew can be n*eogni'/.ed by tlu* oihir of betw.iiu' 
when the sanpile is slightly wamusl; by llu' powtlering of tlu* hnnleiu^d 
■film when rublied by the finger, and hy the rapid evaporntinu when 
exposed to the air, with eonHispu'ut separntion of llu* ingrtnlients. 

The quality of a jajiun di'pends ns much upon its latoklng us upon 
the (piality and kind of the mnterialH in its eompowtion. 'loo high a 
lieat or too long exposure to the heat fmpienlly Kpotls it. 

Oum is added by some innnnfacturem of jnpatw to harden the oik 
This, while causing tho japan itsidf to dry mort* mpidly, nnluces it.s 
power to diy an oil jiaint, (him is a ver>’ uncertain Hulwtnnee in tla* 
formula of japan manufneturem. It may mean the npriUM’ ciiil of 
the schoolgirl, common resin, or the best gnule of the fossil resitw, over 
thirty in number, with many varietit^s in each number. 
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KhAX ■I’l.ANT A*N1) 1<1NSMHD. 

Linski;i» is tiu' si'fil pnitlucL of llu' Liiiuni This 

plniil. is a luUivc of ludia or l'Iast(>rn Asia, and ihs cndUvation has 
('xisU'd froin llu' fai'licsl. agt'S, distiiud. {‘viiUaua's of its oxlstoiico 
during tlu' Slom* Ai^i' lu'iiifi; preserved to tlu> prescad, day in tlie rough 
and workeil llax iiiatlt* into Imiidles, found in tlu' lake dwellings of 
Swil/Aahuul. 

It is nuadioned in tlie ljot»k of Mxodus as one of the ])rodueks of 
Mgypl in llu' time of tlie PhuraoliH. Among the plagues of 10gy))t, that 
of hail ilestroytnl tin* lla\ and hurley eiops, “for tlu' hark'y was in tho 
t'ur and the llax was holled'' (I'Xodusix. III). 

Pharaoh “arrayetl Joseph in vivUnav of (ini' linen’’ ((It'iH'sis xli. 
-hi). 

Solomon purehnseil linen yarn in hgypt and llt'rodotu.s speaks of 
(he great (lax trade of Mgy[d. 

Xunn'rouK pit'lorial representations of the enltivation and jirep- 
aralion of (lax are .seiilptnn'd on the walls and toinhs of Thehes, 
nhowing the* varieties of (Ijix in the red and while (lower, the manner 
of pulling, retting, and liarhelling as praetised whi'ii .laeoh dwelt in tho 
land of (losheii; nial, except in some minor partietdam, or in certain 
favored loeatioiw, are precisely llu* same as prnctisi'd at tho jirmait 
day. 

'Pile ernshing t»f flu* wanl in n mortar, grinding it on a stone slab 
hy a nmller, llu* pressing out of the oil with stoneH, the seed-hag, 
the hurnlng lamp nlunving thid the nncic*nts knew the value of heat 
t<i aiil in tlu* extraction of the oil, and the painter witli his hriatle brush 

find paint-pfd w {dsn ih^Hneati**!. 

Klnx is mon* c*\tensively ntul .‘«um*ssfully cultivated in Belgium 
than in any other part t*f Muropc', that rntscHl in Ixast and West Flan- 
ders (the (’ontrai (lax) being the most vnlunhle of tlie world’s crop 
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HopuniU'd in wn'ul.cliinii;^, h'nvhiK 5.0 tons of fmislied fibre and 1.47 
ton of low and pluckings. 

(lonorally (wo bu.slK'ls of linscM'd arc* sown pin* acn^, and tlio yield 
in (inishi'd lihri' is from (UK) to SOO pounds, the market price of which 
is about. 12 ci'iil.s per pound. TIu’ yi('ld of seed is from 8 to 10 Inishcds 
of 52 pountls, and is fi'i'adeil and elassilied as to i(Uality and condition 
as clo.sely ns any of tlie |i;rnins. 'I'lu' crop is vi'ry ('.xhaustin^ to the soil; 
[lotash anti phosphoric acid are tlu' chief intj;redi('uts that the, soil 
rc'ipiires to proiluci' a gooil crop of either tlu* fibre or siH'd. Itrecpures 
from -loo to (UH) pounds of mineral or phos[)hate ft'rtilizem per acre, 
besiile barnyanl ami other mnunrt'S, tt» ki't'p the .soil in condition, 
and (hen only Ivvtt m* three crop.s can la* ralsc'd in succe.ssion, when 
other c!*<!ps mu.Nt la* .sidisiiiulcd for fnau 5 to 8 y('ai's. 

New I'iiijiclanil ftn’merly raised laixe ((uantities of flax for the 
fibre, but the mlvent of eottmi mamifacturt* wuin tlisplaced (iax cul- 
ture, anil this, with the t*\hnustion of (he soil and absence of phosphate 
fertifn'.ei's, caiiseil an nbaiulonment of the flax crop in that part of the 
I'nilt'd States, ('urly in the past cent\iry. 

America furnishes abitut one-fourth of flu* world’s supply of 
linseed-oil. 'l*he crop of linseed for the yeai's lOOO H)()l was from 
10, ()()(), (MK) to IT.tKlO.f H)() bushels. 'The average* yield of oil was 18} 
pouuils of oil per bu-'liel, or 2.10.5 galltms of 71-pouiul oil; etpial to 
•lO.tHlO.tHXl (tt •t2,ll(Mh(MHt gallons. In general, Iht* American crop is com- 
pnralively free from the mltdleratioii of the wil«l mu.slard and otlua’ 
acriil seeds ih.'it render llii'tiibcnke nlnm.Ht vahiele.ss for a cattle food. 
'Fhongh, in this rcMpeet, it is betf«‘r than most of (he foreign seaals, 
it i.s, lioUfVer. the practice for mnnv secd'cru.shei's to aihl (hcscrt'C'U- 
itigs from (he linse«*d ami grain elevators ti» their litrseed in tlu* cruslu'rs, 
ntid ihismi! onl) fnnushes a bit ter oil-cake but u poorer oik 

'I’he AiiM'iican liiei'ed ejup is now chiefly pnuhici’d by flu* Nmih- 
western .'states, where tin* rich prairie soil is fnvorahle fora heavy seed 
crop without much fertili/.al ion. 'I'lie film* in these ,8intt*.s, from its 
dislunce to market and the «lifhrul! v of pncpariiig it, is of miiiorimport- 
atici*, and the plant is generally nlkwvesi to fully ripen before* harvest- 




ot ttiB rnoHv uiiiioruiui lu uu; r.ounuy, mui BurpasBCS m magmtiule 
that of any oUu'r laud. 

Tluj plant is grown only for Uu‘ siu'd, and as vsoon as the latter is 
socurod the straw is hnnu'd. An avc'ragc' of lOOO ijonmls of seed is 
raised on an aert', and in somt* ciises tlu', yield is 2()(K) pomuLs. The 
export «>f (laxstH'd fnun the four pn)vim*es named amounts to 500, 000 
tons a year, wlueli is onedialf the (‘utin^ product of the world and 
eciuals r»l;i()().0l)() gallons of oil. Not more than 20, ()()() ions are 
retained for domesiic ust*, and then' appt'ar to la* no linsc't'd-oil mills in 
tlu- country, as all the oil used tlu're is imported. Om; wondci'S what 
the elTect upon the markets of the worhl might he if Arg(nitina should 
('Xpoi’t linMeed'oil and eak(‘ instead of raw llaxse(‘d, and could transform 
the straw into liiu'n thn'ud and ckilh instead of burning it. 

Ireland, Mnglaml. Iteljuiuin, and I'entral Nuropc* raise the best 
(lax for fabric purpo.Ht*s. but sia'ils gathered from tlie.se sourccH being 
unript', furnish poor, vvnli'ry tnl. 

Uu.ssia law a large nen'uge of flax for M(H*d pnrpo.ses and furnisheH 
about one-sixth of (he woiid's supply of linseed, tlu* yield bt'ing 
about S busljels of ,“i0 pounds to (he acn*; (he llax librc^ is of minor 
importance, being woody and stdijecl to great waste in preparing it for 
fabrie. 

Uiissinn .seinl is exported for setnl purptwes as well as for till ('xtrac- 
tism, In Uussia )n*mp^e»‘d is sown wi(h the (Inxseed, ami eomprises 
nearly tUH' tenth of (he seed erop, but ns this seed fnrnislu\s ji siceative 
oil, it is not an objeet ioimbk* ndnlternnt , sneh .ms (lie .seeds from the 
rape, eol/.n. mustard, and many other non-drying tiil-s(M*(lH, chIUhI 
“ (lax dod'lers," Tlie adulteration from (hest* nerld himmIs is ho grc'at 
tliat the waste prinlnet in tlie form tif oil cake, formerly a vulnnble 
enttk' fitod, is now so strongly impregnntt*d with the biting taste of 
tlu‘He senis. that rattle refuse to ent it, ami it in now iihihI for fuc'l or 
ferlili/.iiig ptirpones. 

India fnriiisheM alwmt nm*-e}ghth of the wj»rld*s supply of linseed. 
It is grown n.« a mixed er»»p for th»* seed only. The India Ilux-plunt 
has bwii deteriorating fi»r ox’er 2tMt y«*nrs, until it is m»w an infc'rior 
shmli from 12 to If! inehw high, d’he rliniate is favorable for the oil- 
prodttring tptality of the wmhI. llie white-llower plant produce's about 
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gathering, tlu 5 ordinary litiHeod ensp Ix'ing linrvff 5 t«‘<l jimt iM'fttn* the 
seed has fully matured, anil while it eunlniuH mure water lluui if fully 
ripened. 

llape-seiMl is sown in large ijUanlitieM with the liiiNtHHl, Its yield 
of seed and oil is very large, and when re(ine<l it pnss»*s ns eul/U'dil 
from coleseed. These Heed“ttils are usihI h»r Inirning, luhneation, 
and in the nuinufaeturi' uf itulia-ruhher nr(ii*h'?u l>eeause cjf ilnnr 
non-drying ([luilitii's. liuliu Is very prulifie in uildwnring sintls; the 
mastard and many otlu'r nerid .himhIm grew wild, are very Heh in oil, 
and all am freely used to ndnllernlt* iiimwl to an luhuittinl umomit 
of 10 per cent anti poasihly 15 per eiait inun*. 

The tpudity of the (lav, also uf the seiHi, vnriw tpiite ns nitteli ns 
any crop of grant nr vegetables, neeurding tu the luenlit y iti wldeh they 
are raised, the soil, vveaUun', and other inflnenees niTeeting tin* lihre 
or oil, and tint ernp is ({uiti' tis exhaustive tu the .Mnil nn wh«‘nt ur eurn. 

Sam])leH of linseed gnuytt in variuttH parts of the world atid aver- 
aged fivtm ii eolleelinn uf ripe sishIn weigitinl fr«»m is to 52 pounds 
por buslu'l, and the yield uf oil was ipiili' }w vnrinbh*. vi/..; 
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'riir l,piit'r,nl rompoHjituii of jjH ^.it•e^|l!\•r itiliH is: 


('Hrliun 
H\ ilriigeti 
Oxygen. , 


77 in In 7i» on {«T emit » 
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Konig. 


I.itt'*rr*| I ;»!•.», I roulniiiH n lorgi* «|uniitjty of murilfign tlcpasitcHl in 
tiu* OUlnt l;i\r|'' of rrih* of I hr wlliell swI'IIh tiji on llUU"(*mting' 


boiled in 16 parlH of water .vic'ldn nmeihise eiuaigh tti hi' drawn out 
into threads, and forms a ilark-eolored spongy iiiu.ss wlteu dry. Tliia 
crude mucilage coulaiuH in mlditiou to (lie inn* vegrtaldo luueiluge, 
legiunin, allmmin, and an organic acid, prohaldy malic acid; uLsa 
ash constituents, chieny lime, potiish, and iron, partly a.^ pho.splmU'H, 
and partly united in the ash hy enrhouie acid. l.iiiM'.'d mucilage 
precipitated by alcohol givi'S 1 1 per cent of nsh eontaimng ! per cent of 
carbonic atiid. 

Linseed-oil has a spi'clfic gravity of O.tL'S to li.Ud.’i, nr 7.7'ld to 
7.9,52 poumls pc'r UniUnl StatcH gallon. 'I’ln' oil imm nii average 
quality of ripe set'll extnietiHl by various proecHsi's cunt.'uns: 



('dill I'rdcenx. 

( Carbon 

7f) 17 jMTeeItt. 

Hydrogen 

lOJhS " " 

Oxygen 

i.'i sn " " 


KHI.IH) " " 


tti'f I’ftH'itaj,. 

t'tirltHii, . , , , . , , , 7s II j M'l" (•(•jin 

Ih m an *• « 

tKlKca m !»:5 ** “ 

n«! IH! ’■ " 


The earhon-disulphide process givt's mon* owgen jiud less carhoii. 
The oil e.xirueted hy the naphtha and pereolaling pjneeH-, does not 
show any material dilTerenee in the ipnmtity of ihe nil, lap i?i llaaight 
to give a tpiicker drying oil than by the old or «'n}d drawn proeess. 
Hut, however, it It'aveM sonie of iht' gluei*rides nf the nil in the nil-eako 
as well as some of the allmmin. 

Thti glneei'ine in the oil in the form of gluc«'ride or t*ther efhem is 
needed in the eluinge of the fatty acids to fnrm the -iunp eonipoundjj 
that give the binding ipiality to the oil. 1‘be albuminous Hub?4f.Htire« 
are organic and are subji'ct b» decompo«bjon. and coieUilule 'Mhe 
drops” or “mucoHitic«'* that the boiling ppie if the 

oil is used in it.H raw state, the ilriew addt*il are intendeil to ntTj««*t ihem 
so that they may bt* oxidized and drie<l. 

Unripe linseed or tin* hwI from (lax mW**! for the llbre (tin* etuielL 
tion that fumishw a large part of the commercial lin«'<‘«l ful) contains 
5 to 8 per cent of wat(*r. 

The yield of oil from the difTerent elawf’f^ Crtnl. blue, or white (lowcri 
of linseed variw from 2(1 to 33 per cent of the weight of tlie tlrv seod. 


not U) ('.vciH'tl 12^ iK‘r wnl. 

No, 2. 'riu! woiRht pi'i* buHhcl hIuiII bo 50 poumlH, tlie damaged 
aood not to 1 'xcot‘d 25 per ci'iit. 

No. 3. Tho woiKld. U) bo not Iohh than 40 J pouiidK i)or biusliol; 
tho ihuuagod hihhI, not to bo in cxoi!«h of 20 per cent, Ih gmdetl “Ro- 
jot: ti'd.” 

No. 4. No gnuU‘. Hot'tl tjoniprist^ all damp, mouldy, warm hoccI 
or thoH(‘ in a hoatod ooiuliiloii ami unfit for temporary atorago. All 
Ht't'il that in burnt, HUioky, or intormixod with burnt sood m poHtod 
an *' burnt (sr Smoky hlaKHtHHl,” 

All anlt'H of llnN.HtH’d art' made uimn the baaia of pure scad; that ia, 
HtH'd tondt*n‘d for rontrart ilolivorioa may carry impure, tlamagod, or 
fttri'ign Hooil matter, but uiud vontaiu the Hulr-quarditi/ of pure Heed as 
givvii, ami for Hueh pun' hihhI only nhall payment bo required. 

lauHoed yii’ldn by tla^ 

Culil of »‘HlrHc*tio{j, nhoat 20 jmt feat of oil. 

Hut jiruruH;. ■' " 27 " " " “ 

t’nrhoa <ii**ijI|»Ukk’ jtriK’i'HM, " tW “ 

Or frtJin 15 to is poundn of nil jjer bunhol ttf No. I commorcial linaoed 
bv the moMt ituproved prtieoHHoa of (‘\lrnt’lion. 

Tho average re^nltH in oil of a immltor of wunpkw of tho following 
MibHtama*^, exlrneletl by lilt ration in HMl part«, are tw folltiwH: 

Liaw»Hl 27 lf» j«'r retn. Wtilnutn. ......... . f>t) , Ofi pt'r cemt. 

Ib'tiin *-«‘il an >*7 " *• Aliiiuatb f>2.41 " ** 

f»(»j»py -It* -in '* " tlro}K* Iieetk 17.1)5 “ 

binHe^nl oil eorfw}H»mlH to tlie formula (Mulder) or 

(\n dly It hydride of liuoleie neid ((’jallsetb). ^HptTificgrn%iUi/, 
0.h2{Uk I.inohie iteid i« a fiiiii! yellow, limpid oil, insoluble in water, 
and dot*?! not Molidifv rit IS® K.. nml hfw Iwdh the riatim' of an oil and 
a twin, It dtH'nnmm eontinually in weight for IM) tlaya, loaing from 
5 to H |H*r cent . 

Limdeie arit! m |KHndi«r to idl wmttive or natnmWrying nib, 
and wlien fully f»\idii'.«*tl tiv e^jawuro to the air, fomm oxylinoleic 
add (r„n„(b) or linoxyn f Mulder), 


The linoxyii foriiu'd iH iiiMolublt* iu whUt, dthili* .adds, nltmind, or 
other, and in heavier than water. 

Ilazura deHcrihe.H linseeil-uil ns hirnuHl (tf linulie. liiadide. and 
iao-liuolenie acidn, and that a hi|ih prsiinirtitui t>f fhr two hitler aeide 
ia charaeteriHtie. of IhiH oil. 

Liiuseed-oil in eoniiioHi'd of tlryiiiii oil. SO parlfi, imd iH»iedryin|{ or 
fatty oilH, 20 parts. Of tlu* lattc*r, S parts air ^'l>i'eriiie ether, the 
volatile eleinont of the oil, that iu the eluauienl ehmiKes atuuug tlu' 
oil aeiclH by the absorption of o\yp*ii iu the pmeexH i.f dr\iu|'. is 
absorbed or lost iu the chau^e to liiioleie aidtl, with a diieet )h>,m in 
weight of the new oil eouipouud. 

The fatty acids iu liuseetl-uil are: 

MarKaric acid. . . t'.jb d’-.; k'nn ilv U Hta 

Palinitic or bcait' acid, . . . . . " " ti sot) 

Oli'ic acid ” " (! KOM 

Stearic, acid ■* •• u .ho5 

Margaric. acid is cousidereil .Himpiy ns n tat\lure «*f stenrie atul 
palmitic or henic acid of identical cotuposiiiou bb 

The compoHiiion and speciru* gravilit‘H of all the fatty cdls vary 
but little, and the iunuenees tluit iifTect one nfTeet all. 

Oleic ether (CaoH^Og), njHnllr f/nirf/i/. OSItT, iissueintiil with the 
fatty acids, dissolve all wdid fats, .Htemie, ptdiidtir neids, eie. 

The glycorid(5H or glycerine etlicrw have the eharaeteristics of 
othylin (CaHi/b) ; they are the most vtdatile of the group, aiul furiu n 
component part of the fatty elenunit.** iu all sieentive nihi. d‘)»e heavy 
odor recogniraid when a burning talhnv eaudle in Idtuvu out in dm* 
to the glycerine ether that coiuw from tlie j^mtdderiug wiek. A 
heat of 170® K. isadetpiati^ to dispel or to riiu«e nn abBorptiuii of the 
glycerides into the fatty aelds In the oil to furm the iiendtdde ?*o»fi rom- 
pound. The allmminnim milmtances in the oil eungtdnle nt alHstl 
100® l‘\, and in the steamed or hot prociw of eximetiug litwifd oil, 
the meal is cooked at 100® to 2fKl® F. to prevent tlie tillmmin from 
flowing out when pnwed. 

These changes indieate the merits of n low «n.| long-rontimied 
heat in the process of boiling oil, irmlmd of the {piirker nm! more 



grape, Sc’etch iviul nilvcn' (ir, mul Hpnu-t‘. 'Wv Hpocific. gravities of 
tlie whole mttnhor (20) range' from 0.1)202 l.o O.D.'t^S, varying so little 
that the hydroiuete'r-U'st \h of little imum'nt to detennine their char- 
actor. TIhi vegi'tahli' non-Hieeative. oils of (U)inmorcial importance 
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Rye 

Wheat 

Barley and oats. . 
Maize and lupine. 

Peas and beans. . 
Potatoes and rice. 
Beets, etc 


76.71 

11.79 


77.19 

11.97 


77.50 

11.96 

12.78 

to ' 

to 

to 

75.67 

11.43 

10.69 

77.40 

11.30 

12.70 

to 

to 

to 

76.00 

11.15 

11.50 


The increase in oxygen in the grain oils is at the expense of the carbon. 


Miscellaneous Non-drying Oils and Substances. 


f^pprm-oil 

0.945 

78.90 

10.97 

10.13 

■Rpsin-oil 

rr { 

79.27 

10.15 

10.58 

nppf tallow 

(0.9910 ) 
0.938 

79.00 

11.70 

9.30 


81.60 

13.90 

4.50 



81.60 

12.80 

5.60 







The vegetable aromatic volatile oils from lemons, oranges, cloves, 
cinnamon, etc., are of the same chemical composition: Carbon, 88.25; 
hydrogen, 11.75. When they oxidize, it is at the expense of the 
carbon element. The diversities in their odor are due to a different 
arrangement of their atoms. 

Poppy-seed furnishes a cold-pressed siccative oil of excellent 
quality. Being an imported article its price prevents its use except 
in the finer color paints. The exceptionally good results attendant on 
the use of French zinc oxide are principally due to the use of this oil. 
It dries slower than linseed-oil and faster than walnut-oil. It does 
not remain sticky so long as linseed-oil, not being so fatty, and takes 
up less oxygen. It is used for the finer classes of varnishes. It con- 
tains 20 per cent of non-drying and 80 per cent of drying oil. Linseed- 
oil clarified by sulphuric acid has generally taken the place of poppy- 
oil. Walnut-oil contains 30 per cent of non-drying and 70 per cent 
of dr 5 dng oil. The cold-process oil is light colored with a pleasant 
smell and taste; after a short exposure to the sunlight it becomes 
as clear as water. The hot-process oil is characterized by a deep color 
and unpleasant odor; it has more mucilage in it, and does not dry 
as well as the cold pressed. 
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Poppy-H('('(l oil 

lliuv litiw’cd (’(ild-druwn oil. 

Boil(’(l HiiH('(‘d-oiI 

(Jr\ido coU.oitriccd-oil , . , , 

Ilofiiiod yoliow dillo 

W/itcr-whid- dillo 

Monhnd('ii-oil (dark) 

“ " (li|J!l>t) . . . . 

Timm'r’H cod-oil 

Porgy-oil 

llcsin, commercial yellow, . . 

IleHin-oil, (irat rim 

“ " Miird nm 

" “ otlier rmiH 

Cnulo Lima i«'troleum 

Lard-oil 

Whak'- or train-oil 

Hpenn-oil. 

I’orpoiw'-oil 

Betd tallow 

Mutton tallow, 
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C^llAlTKR XXni. 


H()n,l.\(J LINHKKD-OIL. 

J. XvluDfL NHI’h ExfHTimentB. 

Thk Btiuly of tlu' compoHiUon mid i)n)p('rti(‘H of the Biccativo oils 
has hiH'ti but. liltlc ndvancfil sinco Mr. .1. N('k)u Noil was avvardod the 
IhIh Clold M(‘dal of llu^ SooitUy of ArUs in iSd'i for a papia’ road boforc 
tliat Hooioly oil "Dil Hoilinp; and Varnish Makiiig" (publiHhod iu tlic 
TranHacliouH of tlio Socioty, \’id. XLI.X, I’arl 11), which troatrS ho 
cxhauHlivoly upon tlu' tiiodoH of manipulation, roc.ipoH, and pri'cau- 
tions to \n' UHod, that Iho paiior in Iho foundation for all HuhHiajuont 
accountH and modi-s of manufacturing^ varnishoK. Tim additions 
an 1 modincatiouM which havo Ixhmi workixl out Hiimo that tlino have 
not mateM’ially alb'rotl llu* pitmoamw of Mr. Noil, ('itluM* in tlu* bi‘tt<'r- 
nmnt of the quality of tlu* vuruinh or the oil jiroduct, but rolato inoro 
particularly to a .nhortor time* and ptwibly low cost of manufaoturo 
than K'u’on by him, which compriHiHl flu* application of direct tiro to 
the kottloa iiwlcatl of tlu* Hioam“jackot ki'ttlow and doview imod by 
later ('Xporimontom and mnnufaclun*m. 

Tlu* KubHtancof4 that act on talytically part witli Home of their 
oxygf*n in the oil, and beconit* to a c«*rtain (*xtent deoxidized, and 
again coming into contact with the nir either mechanically blown 
through tlu* combitH‘d {uiihh ttf oil ami drierH, or by surface exposure 
in the Hettling»tank or bnrrt*!, rm»vt*r their primal eoiulition, and are 
ready b» clo the Hame» work over again. It is the necewity for tlie 
rcHixiilntion of the drieru tlmt enuHes tlie gem*ral adoption of the nir 
agitation niul Mteam proeiwr*^ now in genend iwe for tlu* iKiiling of 
oil and mnimfnetore of varniHliw, etc. Him* driers, without beeom- 
ing matimially nlterfxl, induce an fdtemtion in the linBecHl»oil siih- 
jc*ct«*<I b) their openition. We may imagine thin netion as similar 


the gain in weight after thoroughly dry is from .s tt» 10 per ecnl nf 
the vehicle, and it in heavier tluin water. Any paint that imt show 
a marked inereaHO in weight in dryi>'K 1 h‘ hvi tlitwn an one of the 
hundreds of bastard comi)ouiulH that inuHciuernde uiuler tlu‘ gui.se of 
paint, with more resin, fish-oil, and IjydroeurlKin Huhstaneea in its 
veliicie than Hnsood or other sieeutive oils. 


M. E, Chem'ul'^ Expvrimvnh. 

These experiments of Mr. Neil w(*r(' followetl liy the experhnente 
of Mr. M. M. OhovreuI, who eontrihuted a pnpi-r in hsoti to the Anmilt H 
de Chime, corroborating Mr. NcalH liedurtioUH upon the (trying of 
siccative oils, and by him clearly laid down, vi/.. : 

hirst. Tluvt it is the absorplioJi of oxygen by the weeutive tsils 
and the change of the oleic, margaricjand stearic aeid.s of which they 
are composed, and tlie chemical eomhiimlion with eaeli oilier in the 
presence of oxygen into tl>e linoleie and linoleiiie aeidH, that in the 
cause of their solidiflcatiou, which term he thinks more elentiy deliues 
the action of tlie oil than drying, which in general tuny mean evajKira- 
tion, which is a term adaptable to all hcjuid bodies, or rather indi- 
cates the removal of li«(uid fnmi all bodies. 'Phis tU-hnifion uppejirs 
to be apro])OH ter many of tin* latter-day cheap inixfures rnlle«I piunis; 
the difliculty exiiorienced with some of which i» m*t t(» have them 
dry in a reasonable time, hut U> linve them ke(‘p litjuid long enough 
to Hin'cad them at all 

Secotul, That the oxidation of the oil In n eheinieni pror(*s,H ami 
naturally inherent in itself. Tin* aetiou of bent, as in boihii|», iueUenK 
the drying or resiuifieation of the oil by removing the unler and 
mucosities. That all Hul)stane(*« wiiieli cnti 1m* tiMed an driem 1101.^1 
be sueh as are capable of parting with oxygen or diHM.lving in it ; and 
being of themselves oxidlssalsle in eombiimtion. they iti that way 
increase its absondive ])ower. Tln*n* 1 h n ehw of drierH (white cop- 
peras, for instance) which act ctdalytieidly, while merhmiirnllv mih- 
pended or in contact with t.h(* oil, and inertwe its owgeii nUwuptive 
power by their presence, but leave no increaw* of drying {Kiwer when 
withdrawn. 


'' vyj.un AA\.;vv JI^UlUAlUi: 

of inuuguiu’Hf, it (Irictl in 2 diiyH. VVIuin boiled 0 houivs with peroxide 
of miuijj^uiU'He that hml bet'U iwed many timoB Indore, it required 
one-half day to dry linn and hard. 

Fourth. 'Phat nuuigaiu'Bt^ dricMB for ('xi)OHed paintK appear to be 
Iw (lurabli* than red lead or lithnr;r(. dnern. They harden quieker 
anil beeoine more brittle, from the harder eharaeter of the aoap they 
contain, which \h fnrtlier devidoped in hardnesH by the heat of the Him. 

Fifth. 'I'he inanKnntw'drii'r paintn a])pear to peel more readily 
than red-linul driew, wpindally upon ironwork Unit Iuih but few 
polut^^ or irrt‘|!:ularitiw of tht‘ Hurfaee to which the paint can adhere. 
Hence Hiich a iiaint for an iron mirface muKt remain in a meaHure 
Bofter and more eluHtic, or tdsi' it will be thrown off or jieel by the 
(•hanfi:e.M in bmiiieraturi* and tin* expaimion and contraction of the 
metal. 

Ik'roxidi* of inanpinetie in elmiro-negativi* to iron and ateel, and 
Ih notinl for (he freedom with whicli it iniparts its oxygon to th('.se 
nudalH. It is UHeil in the nuumfaeture of hIccI uh a purge to burn 
out tlie impurities in it. 


OK lno\nn; ok NIvncjivkhk oit Pvitm.i’HtTK (MnO). 


Hi'd n\i«t(' of iiuni^juii'w 

( . 

,Si’M(iuio\iili* of ifnu. . 

Altnnilut. 

Hnr\ lit . 

Cnleitnn. , 

Hilien. 

Wntrr. 


.s| Oft iiiHT.fK) {M’rrcnt. 
11 .W ■■ U.I.T " » 

ran n -in *' “ 

n :«) •• (i.(K) " " 

n (i7 •’ t .20 " “ 

Irnc'i'H " O.(K) 

n HO 0.f»l •• " 

5,80 •’ 1.02 " '* 


Sixtln That liiweed-ttil hentetl until it IohI oru*-Hixth of itn W’eight 
iHM'ame tliicker, uuetuou.**, ami viwdd, and driml mon' readily, fomiing 
a tougli. crude, turpiailinedike mnw. Hcnrcely Hohible in any other oil 
(print(*r'H vamtHh). When lin«H*<l oii is heuttMl to 525® to 375® F. 
it will tnk«‘ fim and continue to burn without any further application of 
heat fnun without, until only tar or charcoal miifunH. 

N'tit- and poppy'sei*!! oils nbo poHsivs thw feature, which ia sonie- 
tinu*K empIoyiHl iw a ti*s( of the purity of thew oila. If thwe oils 
are adultemttHl t<» any gmit extent with fmh, n«n, or mineral oils, 


I'oiir pniH'ls t)I’ WDDil wt-n* pniiitt’il tm cnf with uliitc lead 

and ou llu! ()UuM‘ ,sid{' witli zine iixiile, Ihe \ cluele heite^ raw liii>eed nil. 

No. 1 WHS pllU’t'd ill a clo.Hfll glilNM vcHscl c-spii'.i’d (u r;ul*uiuf ai jil I'ax 
No. 2 \v)i.H [ilat'ctl ill n Miiiiilur \ cm.hi'I espu-ii-it In au , 

No. a “ " " '• nvi- iur. 

No. 4 " “ " " " " " 


The results wen' us fullnws; 


Aflt'r 21 niiiir«. 

^ , . / I'lli' wliilf Irml Mi'iU'Iv 

No, 1. Carhonui- J 

U( ul fj;iiH. I ONide Miill fncHh, 

„ T- •. 1 • ( 'I'lii* wlii(o lend tifiirh df\ . 

No. 2. Luiuti'd air. . .. , 

I 1 he ziiie oMde »et Imi imi <lry. 

,, . ( d’he wliite lead iieurh dry. 

No. I'ree lur. i „„ . . , , . ' , ' , 

i I he zinc ovale fwt htU not dry. 

No. •!. Oxyj^i'u t?aH. doth perl'eetly tlry, 


Aftt’i' 72 Hmiira. 

S't Inti uillnnil ndhe<non tO 

the 

Aleiiihtfeh freah. 

Pcrleciiv ilry. 

»t *« 
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Proji'mir Vina-itl'H h'.rptrtmnitn. 

Prof. (lluiH. W. Vineent's esperimeulH iti Isrtii were iipnn (he liiu' 
of boiling oil wilhoul. Hit' pre.senett of dru'rs, nml tltat a high fem- 
porature. was not nt'ci'ssary. The leinpenatin* UM-d by .Mr, \ iiieeiit 
was that due to steiun at *11) pouiidH iier sipuire ineh, 'Jb?'* F., tised in n 
steam-jacketed kt'tde in eomieelitm wi(h tneehanienl ngifatitiii by 
revolving bladt's and a eunvnt of eompresHeil air lunderntrly liea(ed 
by the act of comprt'ssion. 'ritis proeesM y ihnl in gt'io'ral um- at 
present in the. nianiifaeUirt' of linoleum, and it is believeii that the 
(lernuins practist'd this nu'thod many yenn4 preceding bsriU Fin. 
fesHor Vincent’s conclusions, drawn fnim experiment, were that air 
blown through tht' mass of lu'uted oil n't imt ns impnrtant a part nf the 
process as many have' nHsigned to It. and in realitv e(Tee|^i mdhing 
tovvHid making the oil a drying one, Ib* Imiled lin«eed nil with jtir 
alone., hut uutliovL dncrii, for threi' tlays enUHtn'iitively , keeping op a 
higl\ temperature tlie wlude time, and tht* restdtnnt bnile.l nil re- 
quired precisely the same time to dry as tlie raw nil fnan uhieh it 
was preparetl. The body, however, luid beennie sn mut'h inere.n^ied 
that its consistency was nmre tbat of a vnriiidt than an oil. In the 


tlu' aii’-liluHL WHH IcHS grc'UHy and had a ^n’cati'r (‘onHmit'noy. Jh'iofly, 
tlu' atu’facc t'xpoHun' In Uu> air and I, he heat at'ciiml a aunicioiit amount 
of hody. 'I’lu' drii'fH product'd any ivcpiircd shado of color in the oil 
and rcducc(l Uu* tinu' of drying from d and -1 dayn, for the raw oil, 
to (i luaux in tln' Kummer and S honm in tlu' \vini('r for the boiled. 
Hoik'd oil that is .stdijcct Ifi kmij voyages at sea is apt to become fatly 
and not free wtirkiiig. 'riiis is dne to the agitation it gets from the 
motion of tlu' .nhip whik* it is uiulcr llic incrca.se of temperature due 
to tlu' h(dd or csirgo spaci' in tlu* .ship, being, in fact, a long-continued 
lo\V"temp(’rH(.ur(‘ and agitation puiccas of bcsiling. The mannfacturer 
giiard.'^ agaiu.Ml this rc.sull by adding to boiled oil for Hhiianent by 
«ea, about one-fourth its volume of raw oil, the* oil becoming brighter 
in con.Hetiuence of the addition. Pnifi'SHor \'inccnt’H Hteam-kettle 
procf'Hs of hoiling gives an nil of n lighter siiade than the direct fire 
or iiigh-teinpemture proccw. In both proccwe.s, acrylic acid (('glljOj), 
a inoin'basic acid, is produceii by the oxidation of acrok'in. Acrylic 
or acroleic acid when iturilii’d, is a colorkw li(piid of a Hlightly einpy- 
reumatic odor, lighter than water and mixable with it in all propor- 
tiotw. 

Acndein (fyi 4 t)) is tlu* a<d<l principle pnuluced by tlie dcKtrue- 
tive distillation of fatty bodie.s, n'sidting from the decompoHition 
of glycerine ((yijb). Acrctlein is a colorlcs.H, limpid, Htrongly 
refracting Ikpiid. lighter tlum water, boils at Titf K. ; vap(»r den.sity, 
l..S!)7. Its vapor is ho inleimely irritating that a f«'W dropa diffiiHcd 
in a rtHun are .snlliriejit to rt*ndt'r tlu* ntinonphere unmipportablc. 
It burns with a clear brigld flame, and «lissolves in 40 parts of water 
ami nwlily in ether. The wdutitins at first an* nt'Utrnl, but gradu- 
ally fjxidize and turn acid in contact with tin* air. I ndcr water it 
changes intt> a resuumH substance fdisacryl~r(*siiH and the water 
becomcH clmwd vvitb aervlie. formic, and acetic acids. The vapor of 
acrolein pfi!««*<l t hmugh a rnl hot t uIm* iHdecfunjKWisl with the formation 
of water rmd charcoal It^ vapor is higldy corrosive to iron bodies. 

Acndein Is developed by the derunUKWtion of the inucositie.H 
in the raw lijw<H*d*oil muter the inllueiicc of the* ladling heal, and 
intlicates the skwver tlec’om|M»silion of tluw substanct's in a taw'-oil 


mnuNu 

vehicle for a paiiih Tlu' nl(nv('r process of solidKicnt itui of the raw 
oil ouclo.siiiii; t1uau,nH it wc'ns in a (ilni of llto veliiele. (o ilcvelop IhUt 
by (lecomi)osition into a th'str\ielive a>»,enl of tlu* paint. Tlu* pi^r. 
meiits ill the paint may dt'lay this decomposing netitm for a time, 
but cannot wholly prev('nt it. and in many eases hasten it. Tlu* 
removal or dcHtructive eliangt* of the.st* mueosities is absoliiti’ly iieee.M- 
sary in baking; japans, varnishe.s, japan ilriem, aiul linoleum: and if 
found (hstrimeiital tlu'n*, it must neee.ssarily folhiw that they an* 
ecpmlly so in a ])aint oil. 'I'ln' decomposing point in a pure linseed- 
oil made from thoroughly ripe lin.seed i.s m*arly UK) ' F, higher than 
in an oil made froni gre(‘n or damaged lin.seetl. 

Projvmor i^ttrr'a Kxpt ri'nit nt.'i. 

Professor Sacc’s expt'rinu’nt.s in brief were. 'drilM) grains uf oil 
boiled for 10 minutes only, with .'50 graiuM each of litharge and jvd 
lead, and w('ighed after 2-1 hours’ esposure to the atmosphere, the 
oil had lost only (10 grains. This sample increased 2t) per cent in 
weight after complete re.sinilieatiou. .A sei’oml .sample Uiiled until 
there was a loss of T) ))er cent in weight of the oil, the poidnet ,'e..,uiij,-d 
a molasses consist('ncy, and did not resinifv after Id dav*.' i-xposme 
to the atmosplu'n*. A third .sample lioiled to a Iunm uf 12 per cent 
became a caout(*hou(’-lik(' mas.s that the atmosphere had no elTeet 
u])(m whatc'ver. It was insoluhlf* in nk’oliol, eflter, «*hlornfomi. and 
hisul])lii(le of carbon; boiling naphtha mdy dKstdved tmees id it. 
The oidy action which dilult' acids had upon if was tn extract a small 
(|uantity of the oxith* of lead due to the flriers. Ilydroehlorie acid 
disHolveil it slowly, whik* eoneetitrnteil .stdphuru* ami nitric aeitl 
(lisHolvetl it rapidly, as tlu'y do all veg(*tnlih* and animal oiF and (is 
SUCH. This Huhstanee was in fact identical with the prodtirl obtained 
by the modem ])roceHH of boiling (ul for the nmmifncttire of hnoletmi. 

Linseed-oil submitted h) a dry iliMlillnlion (without boiling) gnvi* 
off a white vapor (acrolic) frtmi which was condensed a ndorle.s oil 
(acrolic acid), having the odor of fresh bread, (lui! expanded and 
yielded a distillate, a Ijrown (‘injiyreumatie pnnluct; finnlly, a masH 



UH..« n v.w.iv W.iv Iiuiiju,rvi, mil, WlbU tui UIU'HC points 

in its favor, tlu' pnuaw c-niiiiol, lu' ri'conniu'iuhHl for the preparation 
of a v(>liiel(' to lx* used for a f(>rri(; [jrolective coating. Jiriefly, the 
oil is (ii-Ht treated with a dilutt' Hulphurie-ueid hatli (containing about 
do pt'r cent of sulphuric acid) which is agitatinl with the oil by the air- 
blast tt) ilrhudntlr il, but is said li> be not strong ('iiough to carbonizie 
it. Afti'r Htandiug to nllt)vv tht' oil and acid to si'parate, the oil is 
run olT into tlu- usual Hteaiu-jackidtHl kettle heaU'd to about 207 ° l'\, 
air is blown thnnigh tlu' mass, while a solution of nuinganese linoleate 
in Hoiiu' hydrocarbon spirit (probably benzine) is added gradually 
during tlu' pi-ocess of heating autl blowing, ('autionary (airc is re- 
(piired iKit to (tdd (ni) mnvh of this uiaU'rial. It is the writer’s oiiinion 
that this eautiou shoukl extend to the point of not adding any nuinga- 
nes(' asociated with any hydrocarbon vehicle to the oil, aiul that pro- 
hibition sluadd extend to the use* of any suljduiric, nitric, or other 
caustic acid of any strength to the oil in its jiridiininury stage. It 
is almost iinpos^ible to clear an oil of either high or low specific gravity, 
of any acid of wlmt«'ver strength of solution to which it may be ox- 
poH(‘d. More or kw of tin* clarifying aciil will be ludd in the oil either 
free' or in coiubinatiou with thc' water in the oil, (hat evett a long 
washing with watt'r, aidisl by an nir-blasi agitation, u'dl not rvmovv, 
Ke'rosent', najththa, gasoh'in*, »'(c., art' purifitHl by Imiting with 
mdphurie ncal ainl then thoinughly wnshcsl with water and a long 
agitation by the' air-blast, and are tlu'ti etften ftnmd to contain acid 
enough to perforate the till cases in which tlu'y are shijjped. The 
slight inipntvenu'ni in tlu' c«dor f>f the iKaltsl enl by this juxu'chh is a 
very pemr re'cnnum'iulntion for its nne, The sfunt- n*Hults are ohtaiua- 
ble by the onlinnrv Htenni-ket tie prtjctw, using wedl-known mineral 
Kuhstances; for iiiHtneice, the /.ine aiul manganese salts will n'tnove 
(»r llm»w down the' mneosities, clear the oil ttJ any desirtHl shade, and 
cause' it tei dry pnanptly. while the* water in the oil will lie evaporatt'd, 
natundly hy the heat, and the tlangew of the* sulphur ek'UU'Ut avoided. 

Thitrp'n KTjHTimrntn with DrttrB, 

The action eif various niint*riil and incdallie driers upon linseetl- 
oll in the* proe>e‘H« of iKiiling t<i detennine their e‘fTe*ct on the ceilor tif 
the oil ami the time t»f drvinif werr* minlt* hv Mr. Frank II. Tlumi, S.B.* 


ailtL was a vcuy llfljui-coiori'd, ruui’-|iu'wfu, \mi uiui mw 
specific (jravUn, O.iKl. T!io weight of tiil under lest was in cacli cast' 
the same, 50 e.e. weighing *15.7 gnn.s. 'I'he several .saniple.s weu' 
treated in glass beakem arrungi'd in a .saml-bath iiiuler temperatures 
from 200® to 000® K. In g('neral, llu* Uanperaltirt's from 200" 
to 275° h'. gave the best results. The time of iietual boiling was 
from 1;^ to 2^ hours, and tlu' la'reenlages of driem varietl fntm le.s.M 
than 1. i)er eent to 2 per camt by weight of the oil treated, l.ithargt' 
furnished an almost eolorhw oil of linn lilm, drying in ficun 0 to lo 
hours. Lead carbonate, lead acetate, and lead borate*, each furni.shed 
slightly colored oils with good fihu.s, drying in the order nameil, in 
10, 12, and 20 hours. Red haul, lead ehlnritle, and lead tartrate 
furnished dark-colored oils of gootl films, tirying in frt»m 20 to 24 
hours. Red lead and litharge, 2 per cent of t'neh. nLn the other lead 
salts mentioned, with larger percentages than two of each, gave dark- 
colored oils, all with (inn lilnis, drying in about 24 hours. 

Of the lead tlriem, litharge' gave the Ixvl results both In eohir, 
film, and drying (lualities. ('are wa.s lu'cewnry in the um* of this 
drier, to not overheat the' oil, thus de'epejting il.s eidor. 'Fhe ^.itic 
salts, tlie acetate, borate, citrate, oside, ami sulphuL*, furnLhetl 
nearly colork'ss or slightly colored oils with fairly good lilms, but 
their time of drying was from 11(1 lit 4(1 lionm. Larger amount» tif 
those driers than 2 pt'i* cent Hhorlt'iUHl the time of drying, darkened 
the color of the oils, and they tlitl not clarify satisfa«*torily. 

The acetate and borate are tlu* Ijest of the* y.inc salt driers, but 
none of tliem act entnlytically upon tlie oil as (lie le-nd ami manga 
nese driem do, but act mecltanieally or only wleile pn-Hcnt (like uhile 
copperas), to throw down Honu* of the muctesilii*^. but do not ca?»l 
them all out, or set up the combination elinng**a m*ce‘Hsniy l») ftirm 
the linoleic compomuls reeiuiri'd in a good elryiiig oil. 'fhe manga'' 
nose salts, vij5.; the acetate, borate, Hidpliate, oxalate*, iiml tartrate*, 
all gave colorless oils, drying witli gmKl firm filni.s in fmm 2fl tei llll 
and 40 hmiiu The citmte and formate' gave slightly elarkew e*eilore*d 
oils, drying in about 24 hours with gneitl firm filteis, Tim mnngam-.t* 
borate witli quantities varying from I to pe*r cent »*f the* c»il nn«l uith 
temperatures of 220° to 2110° In, gave the best cedorf**! nml elrying oils 
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HoiiH' of the Kuniplt'H ht'in^ larred. No (h'finito conolii.sion can bo 
tlniwii from Mr. 'rimrp'.s ('xptM'inu'iil.H ns to the rolution between the 
(lunni.ity of driers di.-^.s(dved in tin' oil, mid tlu' tinu' of drying of the 
oil. d'he a(di<jn ttf tin' scviM’al (dussc.s o{ drlcM's, uh w(' 11 as the variouB 
m('in!)(M» of them, was erratie mid tlu' drying result appeannl to be 
governed cptilt' ns inueh by the temperature of the bath, time of 
boiling, and agitation iif the oil during boiling, as by tlu' elKmiical 
I'lnployt'd. Oik* pi*r emit by wi'ight of litharge and tin* l(>ad driem, 
and two-ti'Ulhs of 1 per eenl of tlu* mnngmuw' salts, were all that 
wen* reiiuired to give good bright colori'd oils of good drying (inalities 
with firm films, and not all of th(*s(* anuamts of tlrit'm W(‘r(‘ taken up 
by the oil, but some \vt*rt» reeoven‘d in thi* re.sidmini. 

d’he Hulphnte of '/ine boileil with limsiaHl-oil siinjily removes the 
V{*getabl(* and mueilaginoUH sub-slanees that, impair its drying ])ower; 
it dm*.M not impart any eatalytie powiT to the oil to draw oxygen 
fitini the air. 

I’entxide of niangam*He, umber, reil lead, and litharge', all dissolve 
in the oil and impart oxygen to it, and art rnlulytieally to take up 
nmre oxygini fmm the air to natew what tliey have lost, and in so 
doing furllu*!* oxidi/.e the oil. 

Thornr and Hritdn Oxntjrn Procem. 

In this pmenw fi»r oxidizing tal, pim*. or nearly pure', oxygen 
ga.H in a iinely diviflmi stream is poun*)! tlmuigh the oil at natural 
t{*in[i(*ratimw, or moderately lieale*!, if tle«ir<Hl. 'Fhe proetw oeenpicis 
from 2 to 7 hour>i. but a small tjUimlity (*f the usual driem shortens 
the time of oxidation, 'flu* eulor and tlrying c|nalilii‘S of the oil 
oxidized by lids proeerw are exrelleiit. 'I'he eonsumption of oxygen 
gas vnriw from L’fMHt !o -UkHI eubir had per t(»n ('ifiO gallons) of oil, 
aeeonling to the tlegna* of oxiditlioii requireil. 

The prinripal diilieidly in this pn»eem i.s in geiu'mting the supply 
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The prcsout-clay proecw of boilinji: oil upon a lurgi' wah' aa jirae- 
tised by moat of tlio ci'iihIum'S t)f linseed is to di.ssnlvc •! jmunds of 
lead oxide or litharp;('., or both, in h /gallons of wtdl a|.u-d and selth'd 
linseed-oil at a temperature of about 200 " K. for u short limt' or until 
all of the oxides arc absorbed. 

This mixture if allowed to eool will harden into a firm eakt' of 
gum (liuolate of haul), d'dis product whih* still hot i.s mixeil with 
40 to 50 gallons of linseed-oil heated to tlu' same degree lt> cnagnlnte 
the albinnin, and the mixture allowed lo settle, hive hundn'd or 
more gallons of this inixtun' ari' made up, ami while hot are mix<'d 
with a large tank (5000 gallons or so) of raw lins«*ed oil also lieatetl 
to about 200° and thoroughly slirretl together. This is roniimrrial 
hailed oil, which varu'S in eharaelm' aeeording to the (pmlily of tht^ 
linseed-oil used in any stag(' of the prtuaw, also in the proportion of 
the oxide oil to that in tlu' large tank, -I, 0,.S, or It) to 1, etc. Lead 
oxide and a small (juantity of mangamw' oxule make a better tlrying 
oil than the red haul nloiu'. 

Varnish-mak('i’s make this li(ini<l tlrier htr ttse by hieal pninti-m, 
who remove 4 or 5 gallons of raw ttil from tin* barrel and replae(* 
them with the same (luantity of the lit[uiil tlrier, nml flam ndl tin* 
barrel around or stir U[) the mixture with n pathlje stick hir their 
" bung-hole” boiled oil. 

Some large users of paint oil think that Ibis inaktMtf '‘bting lade" 
boiled oil is as good as that supplieil by the large manufaettirm's: 
but this is doubtful, as all of tla* albumiuoUM Hulmlanet^M in tin* bung' 
hole oil are retained unchangeil, and they arc* aubjt*ef to a futun* 
deeompoRition tliat the 2()(P of heat in the imoking of the large tank 
of oil eoagulates, and they settk' mil on Htanding. 

Lead- and inanganestMixide driem made fntm resin, or re^in tal, 
are marketed on a large seale at bS to 20 eeitiH per gallon, wliilt* a 
properly made linsc'ed-oil drier eaimnt be fnrnislieti fur \vm than d 
to 4 times tliat price. 

Double-boiled oil means that a double done tif drier and reHin-oi! lias 
been put through the bung-hole pmeew. 'riu' more drier tla* poorer 
will bo the oil product. 


miiil)ly a tmtU'-iuuue for an oxtrcmaly varied compoaition. 

The n'puLaliou of the dealer or manufacturer ia the beat guide. 
AtlulteratiouH by tlu' uai' of reaiu-oila are to be eapecially looked for in 
nil commercial gradea of Innleil oil. 

Boiled oil in a mi.snoiuer. LiuHt'ed-oil never boils; if it did it 
woukl deeoinpo.Me into a penmuK'Ut gas. Tlio degree of heat applied 
hi the proci'HH of Ho-cullftl boiling by careful manufacturers ia only 
that neci'HHury to evaporate Home of the water natural to the oil 
T'hia degret' ami anumnt of heat also coagulatea the mucilage and 
alhumintmH Hulwlancea, ho that they are releaHed from the acid oils, 
and, by their greater wcdght, an* depcwiteil as soon as the oil comes to 
a Hiatt* of n*.Ht after tlu* ht*nling ju'iici'hh. In oil from ripe linseed, if 
given liint* tti tigt* after crunhing, the mueoHiticH and some of the water 
in ilH etimpoHition (nbmit 5 per eeut), Ihtit is loosely helil in com- 
binulitm, will net tie nml can he filtered out or drawn off, leaving the 
oil hriglit and clear, and with a miiumum amount of wtiter to bo 
evaptu'aleil in the proeew of tlryiug m a raw oil. Storage in tanka 
for 3 or nmre moutlw still furtlu'r imprtjves tlu* oil, {‘Hpecially if the 
tanluige in kep^ 'd a moderately warm tempt'rature. 'Phis fact is 
taken cugni/.nnee «if by tin* vurnWi mnniifacturem, who n'tjuire the 
best tpnility f»f linwa-d iiil f«ir tlnnr pnalnetH, iuul frtmi the better 
priceH they reeeivi* for tlunr wares, can Ht*cnre the bt'st ([Uuliiit'H of 
-oil iti the market at a price that tin* inanufaeturerH of cheap paints 
•cannot compete with. Sloragt* of thnn* or’ nn»re millionH of gallons 
in earrinl by nome of the beni varninh and Himeinl-oil trade dealers. 
Tlu* lintnrnl ri‘?adt of nueh Heleetjoii and Ktf»rnge is, that the oil ih well 
ag(*d, clear. and bright, and emi Ih* depende«l ujion as n veliiclc, unless 
afterward aduliemied or abuHcd in itn application. 

Ah ?4!it«*»l iM-fore, ill! drieiH are injnrioHH to linHetHl-oil, and tlie 
mnrke«l ittferioriiv of trade Unled oil t»« raw linMtH‘d-oil is due to the 
rlrictv UHcd. wheiher hpuid or wolid. and not wliolly to the removal of 
the Wider ami miioejd ion in the proeexK, I In* salts and oxides 

of mi’t.Hb that cmeditiite the solid cli».»s tif driers, that enable the oil 
to dry prompt Iv, me geiirndlv added in great excesH of the amount 
actually neceH»<itr\‘ for aiding the natural tt'iulency (»f tin* od to dry. 
Tlmt portion of tin* driew in exce.^^ n'iniiiiw in the dried coating, 
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Muldkr’h oxporiinoiiUs in Ihc tlryin^ nf .sicc-nt ivo i.ils (Irtcr- 
mined that thoro were two i)eriods in the drying of n paint, «nl. or 
varniHh coating;. The lirnt period oeenm in the lairly tntmlh>, and 
is wholly due to tlie cluuig:eH in tin* drying «*letnfiitH tif the oil, ntid 
whilo thcHo cliangc^H art', in iirogrt'.sH, the eovt'ring la nlwaya dry to 
the touch and remaiiiH elastic. 'Phin period in td' hmger »lurntion if tlu^ 
coating; is not exposed to the direct rays of the f^un. During the 
period, 100 parUs of the oil at ordinary lempernture.H inereaM< in 
weight to 111 or 112 parts, hut wht*n wnrnuHl to 170" h. it 1 «im> I iti 5 
parts. In the direct Hiudight for all the period of dining, the oil 
(jains about 7 jiarts. 

During the second period the oil becomes hnnl and liriu as n re.Miii« 
ous coating, the change being in (In' noioilrying eh-uumta of the 
oil. The increase in weight of the ttil is not so great. I>eeattse tin' 
breaking-up of the glyeerint' element Iihm taken plaee in the hist 
period. These total ehanges amount tn alMUit n i(unrl of oil in ItMM) 
sijuare feet of painted Hurfaet*. 

The induence of lieat in drying a paint or varnedi in apparent 
when It is considered that in the onlinary drying of eitlier to n linn, 
hard coating, 21 jier cetit of oxygen has been absorUed from tht» 
atmosphere or driem, yet a further exptJKttre to tin* b««nt of the ?mn 
until the coating beco(n{*H lianl aiul rf*siium« f*iwurt‘s n t»f .'1 to .*» 
per cent of this amount. It is t<» be recommended that this «lrving 
and loss be had whih' (he coatings am si ill elnsfie, lH*e»i!«e thi’^ Iomh lu 
substance (due to the changes in tin* tmmdrviiiK odi plnee 

wliilo the vehicle is soft and elantic enough to ndjn«t it-»adf to the kws 
in volume. 

Oil or varnish dried in the direel iiot rnvs of the sun an* not iw 

1 .• 1 j1 I I jt «• . i. I ... t ? i .. 
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|)(«(«1 in Htrips aiul cunuol. lu' rcsttnvil ; buL puint, dmul in dear cold 
wcullu'i' (not IiohI\ wchIIh'I', tluit a Hwcjit iu iiiul on tlio (ioat™ 

iiig, ns the tempenilmv rises) Insls louder tlmn a Kun-dried coatiui!;. 

It Is pndjuhle that the eold-dried coaling lasts h)Hger lor the reason 
that its duuiKc' into the hard-soap eompoimd has been delayed, and 
beiiiK^ moH' elastic than the sun-tlried, tlu' bond between the p^iusit, 
oil, and surface covj'rcsl is nmiv elTecl ludly nuule. Hence some lead in 
tlu* fnan of a dri»'r is, iherefon', an ailvaiitaf^c' in an oil coin])oimd or 
paint, if llu' jaKnn'nt does not contain it. 'I'he inan^^anese driers are 
esi»ecially unreliable if applied in <>old or unfavorable wt'ather. 

'I'he percentage Kuin in weight of a cold-drawn raw linseed-oil, 
exposed for drying under tlilT<'rent conditions, was us follows: 
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Afti’r ITit) days flse gain in weight was the grl‘al(^st in the follow- 
ing onler: green, \fllow, ml, blue, and uncnlonHb 'Die application 
of a tlry heat at teinpernt tires of l5t} “to ITt)' 1“*. ilrit*s a raw oil fnan 
lid to fit) times busier than an u|H*n air e\j«mure undtn* the gentwal 
conditittiiH of summer weatlier. bight, heat, and air an* all necessary 
eh'nienfs to properly dry an oil paint or varnish coating of any tpiab 
ity. 'Hie f*l*»W‘drviiig «»i!» gain mure weight than the (pnek-drying. 

Uaw li!isi‘ei|-oil has a H|»erific gravity t»f tldl'ilH) to tl.U.'ll, and the 
wune «»il lKiil«*<b that of dill, t >ne htuuin'tl parts «if drying and 
non-dryiuK etemeiiln in flit» raw oil in the pr»H'««j« ket tlt‘-hs»iling 
lose K parts of glvreride eilif‘r and one part of the carlwai and liytlmgen 
frtstii the note drying oil or faJiv aritiH, Tins is eijtiid to f) parts in all, 
leaving I'M) parf.s that abHorb 21 parts of «»\ygen from the atmosphere 
when the «4I is fully t!ri»»<b the ItMl part.s of the raw oil lM‘eomitig 111 



on llu' prt'si'ncc t»l' an oi' driar, or of an vmsiiitahlc taio. It does 

iu»l. pi'ovo adultoratinn with rl)^iiu nr rnsiii oil. It may bo duo to 
oxidutinii nf load rmnlonlo into a liiiuid turponliiu'-liko body by pro- 
loii^t'd {'Xpo.suro In thf air. St-iciuM' imlicalcH no bcttc'i* way of lostiug 
a drying varniMh than by llin liuKcr, 

Prof. Max Pnllfiikotor rt'innvnl tlio non-drying acids from frosldy 
dried linst'cil oil skins l>y enher, leaving an elastic caoutchnue-like 
Htd)Stauc(>, which by degriH‘M hanlent'd and became brittle. On 
further exposure to the air it separated easily into thin Hakes; in 
fact, it hardeuinl and cracked like tlu' fossil U'sins or the conifci'i© 
crude gutns. 

d'lu'se deductiniw from a long chain tsf closely and can'fully con- 
tlucti'd experiumutM, luU only in tlie lnborat(jry, l»ut in the application 
of oihpninl, and vsirnish coatings, with all cla.Hses of pigments, spnaul 
ov('r ferri«'. wood, and mineral .Hurfuees, appear to la* ignon'd in many, 
if not in most, of the present -day conuMiHltions of paints and nils. 

'Hu* larger amotml of mueilaKt* in all uttrija* or dantuged liiwca'd 
and »»lher vegetulde oils, ulum fn‘shly tuade, or that hav(‘ been ex- 
tracted by the bisulphidt* of carl»on. tlu' hot or HieatntMl weed pro- 
cesses, ileleriorntes tin* iimdilv of tin* oil, and Hiieh oil (‘Veil if it Into be 
kettle boi let I, is beueliletl bv l«»nic standing t(» allow some of the *Mnu- 
cosities** ’'drops'* to settle. 'Die amtmid of tln'si* preliminary 
"foots" is from one to one and oj!t*-lenth part in oiu* hnndnal imrts nf 
oil. din* Kr«*<*n«*r or poorer the rlafo i»C sM-ds from which the oil ia made 
tilt* greater will be the iimotinl of "ftHd^s.** 
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UNBl'jIOD-Dll-i 'ri’IS't'H AlitU.Tl'-UA'l’tONH, 

Tnwiifc aro many uioUkhIh of lo.Htiug tlio jmrity ttl liuscftl-tiil. 
The Hpeeilic p;raviLy lesl in of Hiiinll monu-nt, rvrti if ii«>t nhu|.friju.c 
unreliabk'., a.s the commeirial mlullornut uiR pivor uiu* Imndrnl in 
miiuber) vary in Hpecille gravity only M‘VfU huiulrrtilhM of u th*gr«'u 
Jhuune, uiul no reluibk^ t’lu'mieal hnn Iuh'Ii found that is prnrlicul 
for t.l\e ordinary analynL. 

One dUIlenlty lies in proeuring a ('iioiHirally pun* od to innko ilut 
(unupariHon with the reactioiiH enust'd by Mdphuric- and nitiir utdils, 
and eauHtie-Hoda treatment for the eidor elianges in {fa- .'unnpk* te.-Urd. 
The linsei'd foi'HUeh an oil must i>e picked iiviT with I he gi'cate-n care, 
Rcleeb'd from fully ripe aiul fulbueight atasb, and {ne^4»o»l in .Hood bugs 
tliat Imve tu'vc'r been nned befoie. 

Th(' re.sultof an applleation to a large nmnberof dsr moMt roHpruiai- 
ble oil-Mt'ed-prewing (irinH, was that not tuie eouk! fund-di a sample 
with lesH than f) per eent of other seed « 41 in it. and mo«l nf the best 
commercial brandH containeil ovit I’i per eiail. 

Apiiroximation clu'mieal tewts nie mimertniH, but in all eases a 
sample of known qnality of linseHl oil should lie ti .i-d hu- etauparison, 
even if it is not a clieinienlly pare oil. Abhe’-. and otlu-r refrac’toiiH 
ete.ra aro nsod to teat tlu* purity of linHeed-oii, hul thrar tisr in too 
eonqdieated for any one Imt an experienetsl elaanist, 

All the fatly oils eluingc* color when brought Into roufaet witli 
strong snlplmric acid. If a drop he ad*led to K or It) ilrop-i nf an oil 
placed on a glass ])lnte resting on wlult* paper, th»< folluuinir <-olor4 
are immetliately prodneed. ()live»oil tunw a deep vellow, gradually 
becoming green. Sesaine-oil, a bright re<i, Cuba <41, n greeniHlt- 
bhie aureola. Poppy-seerl oil, a imle yellow with n dingv gmv look. 
HornnReed“nil. a diMfinrt. on»ro*n1ft «»*<•»«»» T ttiuMx.t « It) iiii.ttrt. 


IV, 1». is:i. 

Mini'nil tiil w {H'tnilfutti in any fiinn (numcit bn mUled to liiiHeod- 
oil Lo t'Kcc’t'd r» per (’cut without alTcc.ting its drying; and 10 per 
(H'ut preveutM ilH drying oliicr than an a thin nkiu iniix'rviouH to tlio 
air, and the oil rctuaining green l»eueath in ruil)le to hliHter or p('t'l on 
(‘XpoHUn^ to Hunligiit. It doea not hond to the pigincnit or mirfaeo 
coated. 

If a tin plHt4' ('outi'il with a ntixture of a vi'getahle and a mineral 
oil be viewed at dilTereut anglea in atrong hunligUt, tlu' mineral oil 
can 1«‘ detected by the irideacenl or inetnllic play of color, which 
petroliaim inipartH to nil vegetnbh* oila. So chnracteiiMtie in thia, 
that a little e\p(*i’ienee will eimhle a painter to n’udily detect mineral 
oil when preneut even ill a niimll ijuanlity. 'I’hi.H feature in in Home 
degree iliagiUHed nr palliated by treulinK the mineral mixed oil with 
caUHtic lime, chalk, etc,, and aildiitg an cxcchh of Htrong fre(» drirn’K, 
which may wippreHa tlie irideHcmit liue?4: hut if the .Mumple m ignited, 
the marked pungent ndur nf burning petroleum vajior in readily 
i*eeogui/e«l. 

t'ol iMitfieeil nil, H S'»e!iii fucenlive oil. wan formerly mix<‘d in large 
(lUniitif ieti uith liiif’.nni nil li« Hpeeitic gravity, enlor, taale, and odor 
an* almost identienl with linnianl iiil It reiptireK a large amount of 
driem either rninpnimded with it by heal or a.H free driem to enalile 
it to dry. Uh tendeficv at liie l«‘Hl iH to hnnleii and eraek the over- 
Ivtng eoniingH; nbo to eriirk in eold weather, fmin ita mm-elaHtic 
ronditinii due to the drirm m+ed (’rude colionHeed-oil treated with 
atrotiR ammonia mixed with .’I parts of water, gives an opapue hrnvvu 
c(dor. Uelined »’«»! tnnm*fd oil, rnniilarlv tmatinl. giviv « brnwniHh or 
dullopiujue vellow, bufo iinsi^tnl nil j<iiiitlarly treated for eoinpariHou, 
gives a hright, but fauni lran«j»iife!il vi*lk»w, Mi\turi*}4 of both oiln 
give an int**n!n*diat<*rv* mlof, that a Itflli* e\|«'t"ienee will enable a 
painter to deferiiiine ispprnxijioitelv the aiimunt of tlu* mixtun*. 

A riuiek test bv i*n!4 ts |i« pliire a siunpk* of the eottoUHeed-oil, 
mixture on a piece of filnij|*sid#* of II liijnwn H.’iiiiple of Ittijicwl-oil, 
and place the |da»« in n refrigerator nr nn ii ptere of lee. In a abort 
time the iiiipiste ii.’iiiipir will lH*ei*ffje di»rrriii!dy thicker tlian the 
Htwew lunik 


use to adulterate the latter huH Hcn.-iildy liiininihheii. 'i’hen* in, how- 
ever, a coiubinatiou of tlui danuiKed oils fiuiu luiih eroiw, for 
whieli there is alwaya a demuiitl to furnish a intuool litisced-tul ut a 
cut-rate pi’uua 

Kesiu oils are fn'ely used to mlultenite linseml «.d, hy liriui 
whoac biisineMH reputations slumltl wnrrnni mure hourst wares. Hiviu 
mixes readily with linseed-oil, and whether its grade be* light m* lu-nvy, 
it cannot be detected by its speeilie grnvit\. l or u ipueh ti>l of jia 
presence, shake up a spoonful of the* sample with d limt's the (juantily 
of stron^t; aleoliol; pour olT the nleuhol and add to it n clear solution 
of sugar of lead; a td<unly preeipitnte slmus tin* pie*a*m*r of resin. 

Resin-oil can also he deleeleil by the remaiKaldr natiseou.'.» after- 
taste produced by it when touehed ly tla* tongiie. The itdor of tla' 
oil is not reeognifiahle iti tla* sample tmlew ignsh-d. wh<-n it hreotues 
decidedly dilh'rent in ochir from ignited linseed od. If the emk of 
the sample hottk' Htpieak.H when it is twi'Ued atoutid in the mu-k of the 
bottle, no further test is neeessury to denote itn pie't-nee. 

Liitseed-oil adultc'rated with n‘sin tdl of am giade is readUy de- 
tecteil l)y passing a enru'id of eldmiue ga'* thiom'li the satuple oil, 
which is rapidly blackened if any npprerinide amotmt of jr dn is pn-sent. 

Resiu-oil is ('specially to he looked for in Ualed oik it ne\rr 
harchnis (lompleU'ly, and makes theeonting "tfirk'i.," If any eondd- 
erable amount of n'sin is jiresent in a hie^nnl od ili.a! han rereiv«'d an 
oxcesH of drit'rs to harden the eoating, the eoatini* wdl !>e luitfle and 
crumble ('usily on a short eKpiwnre to the atiuo.phnr. jno iirnlurly 
in summer wcaither, or hy ("ipomire to bent . 

M('.nhad('n and porgy liHleoik are n^ed fir*d\ to lohdi nate }i!)^>eed- 
oil, cspticially in many of tla* misi’d paioin and pie n v I he pdn* 
of tlu'se oils is otily about om'dialf that of a |h«»i Im >erd »al. Iddi- 
oil in the twc'ntu'th eeulury.used ns nn adtdieinnt oi hse, red od.eom- 
pris('H almost anytliing from a whak* lo a mof.-d«isiskej . with the oil 
from (U'ad auimals freijUeittly added to help out ihr aboniimdion. 
The fish-oilH dry slowly, hut Kurely.if fortified f.y jitjoiiK, fn-e driew. 
Fish-oils UHt'd for a tiu-roo(ing paint will i^iiek lon|.'«-i ihjiu a hie.ee<kttil 
paint, as they do not dry so hard. They are mote afTerted by eold 
tlian liuHtHaboil, and wluitever paint contiuL* «.%er ime with a 



will II nuHU'iau’iy nruicu. 

I’hict' a wiiuiilf itf a known iiuality of linwi'il-oil ami one of the 
oilH to la* lohitnl. in arparalf lo.si lulu’s, coik, aiitl tluai Ik'uL together 
in a liot waler-'liath : it the Mrsiieeleil oil given olT an odor of aerokin 
(oxidized glyeei ide! .siiiulac lo ihnl of I lie .siiiiddii ing wiek of a Inllow 
candle, liah nil of wiiiie grade and amount is {uesent. 

Due of the ino^l icdialde tesl.N of tlii' |>uiilv of linseed-oil, ami one 
that does not hu\ e (o he /» it fur ns in the |iieee(iing ti sis, and is eciually 
availahle. is. vi/.. : Atld t<i ItKI pai Is of the oil by weight , oiu>-liulf of one 
jiiT cent hy ueiglit eaeh, of htluniai' and red lt>ad Well stirred together. 
Heat in any eonvenimit vessel, and in any manner, until an inuneiHt'd 
thermonietm* reaelns Istr to dtitt \\ A feather fioin a feather ilusliM’ 
or ehieken's wing will answer instead of a ihenmunett'r. If llu' 
featlu’r when dippi'd in !!»»• hot oil emls up with n einekllug sound, 
it indicates an appmviiuute itanperatUM*. A small eurniit of air 
from a liellows or Mitmu* hhoukl In* blown tluougli the oil us it 

is being maduallv bealed. A small glass tube ami a pi(‘ei' of ilrug- 
gisl’s lubber tnliing me reiuUl> n\ai!uble for this part of tlu' appa- 
nilus. .•small Namples uje talon out fiofu lime lo liim* and cooked 
on fin iron plate, A * "*oon as the ssnnpleH appear stringy wIh'U cold, 
allow tbe oil to rool.siming it eonshuitlv during the cooling. If the 
oil i.s htdid and luin wlieii eold the sample is j<f good (juality. A |H)or 
oil will be sticky and nmie os Iohh Iluid, and of bad odor. 

Animal oil* enu be delirted by their odor when the sampli' is 
hefiled, al«o b> tbe nddstion of nitiic or sulphurie aeiil, eitlierof which 
giv«*s an intense red toImi |*i oib^. 'Ha* ndulleiiitiou of mineral 
oils in readily discisvered bv the prors^^M of Haponilieation, when tlu'se 
Hubstanres ii?»r to ilie 'inifare, ‘The ^n|♦^*nili^^ltion number, nr tbe 
number of snilligimiei *4 K lln required to ^jifHuiify liiwi‘e<Uiil, i,s 
HMk'i In 1‘.>'J 7 ’rbe* nsimbe!' for many iididterated oils is iim low* as 
iHt). '('be itidine nuinlHT td liirwasl-oi! is IAS.7 to irdd.TK; that of 
fatty' n»'id», bV.i.H’i. 

If is frei|si«‘filb' nerrj-%?*iiry In elarif\- linwa*d--«»il, 'Hu* following an* 
a few r»f the method’** ' 

Heat the oil mIohIv tip to saTtl'’ l .’l eitlii**' iiy itself orwitli 

the fiddifioss of from 1 to f» par!** < f rillin' r,’8Ji**tie lime, eariMiiuife of 


Mulder rucominciuls llu; clenriitu ul‘ tinlml liu-rt-.l *«il l»\ washing 
it with its own voliuiu* of warm water rnntauuuf? muuo entmutm ;,ali. 

Sulphuric! acid is used for clarifviiut hir-m! (til. part iccilni!) a.lul- 
t(!niUoiia of it. Ua mdioii is to carliniu/,** the {liuim' «deuH‘U!'. «tf the 
fish-oils and Hit' inucilagiunuH sulistancrs in the \i-grtalili‘ oil'., and 
to do()OHit llu'in in tlic so-ralh'd "fonts" nr "ilrnpH," Uh nmiun in 
injurious to linseed-oil in general, tor if rnunsri !»y ea»SK»ni/a(inn 
a pari of tlu* fatly acids, or non drying rlrnirn!-., timl nH of tlu' 
glyciorido ollu'rs, iht' latter heing e>ai-nlinl to ilu* ehnngrs iH-ens.,;(ry 
to forma firm, hard onal from tlu' nil when dry. Acid ndHure 

liahlo to dry on the exterior only, and never Uemme laud or firm. 
Acid-treated oHh retiuiru lotig, enreful, and it/wulfd ua'diiny* with 
wa,rni water in tlu' form of an airddown spray tiu*me.h the Inidy nf the 
oil in a deep tank to elimiunte the aejil. whielt is seld'an thomuyldy 
done. The aeid, hesidt'M delaying the tlr> iug, u ill at tarh t!a* luetaliie- 
base, pigmenla afterward assoeintetl with it in tlu* paint, 

Ciraphite and enrbon pigments are aOVeted hy aulphurie neid 
in the oil than any other elass of piuinenls. 

(Irai)hite paint'skins delnehe«l fi<tm tin* inetullie plafen on v^hieh 
tlic'y had bc'c'ii spread and dried, wlien immri'ied in d per i-ent snhi" 
tioiiH of sulplmrie acid, lost in weight from l.o to L7 per eenf. but 
were not affc'cteil in lustre', strength, ttr cdaslieity. 

dduH ri'Hull indieutes llunr HUperior ipudiiien for heavy eoatinga 
for roofing ]>aint, and in other locations when' am •nlphur elrfnent 
can reach tlu'in, wlu'ther from tlu' vc'hitde «>r the n!m« sphere. 

Tlin results of Middc'rls c<\pt*riments with snlplmsn* acid tieatcal 
oils to ascertaiu tlieir ((Ualitit»H weii* tliaf they did nut l«T,in to dry 
niatc'rially under S days. At tht* end of ;t month-. ti«e ji.amplt-. had 
gained 15 jier cent in weight, but Io.hI ;i per rent of fise. when heated 
to 150° M for a short time. Also u stroiig heaf from the ^am for a 
numlKir of summer days produeml (he Maine effei t. 

Pure llusec'd-oil, not treakHl, gaim*d 10 per cent in the 
period and lost 2.5 to 5 per cent cm heating it Hie JM’id did not 
affc'ct the dryirig ('U'tiu'tilH in the oil, only the Httn oUe-., ,'iS 

noted before. 

Tlie. f’.alam nf tlm 
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mif dianujter, if ground in a iuit niill will dovcloi) this feature more 
fully. 

hulphuiic acid in tlu* oil or pigment appeam to take kindly to 
wooden HUifaeea aa u piiuiing coat,* at li'a.st the tliHintegratiug elToct 
of th(! acid in riot ho marked a.s upon nu'tal. All Hulphuric-acid-treated 
oils huv(' a tendency to inereuHe tlu* galvanic action in all irainta made 
from tlu'in, that ari* apreatl on wooden mirfaceH. Whoa used on 
metnllie hodii'H eleetrolyHi.H iw inereuHed. 

'riu* f.dlowing tnide * giv»*H the weight in grainn of sulphur in a 
gallon, of a nuinlier of the oils wlien huriu*d hy meuuH of a wick (loating 
in the oil, and rondeii.sjng in n .Hulphur apparatiiH the va[)oi'H of coin- 
hUHtion, the Hanie way hm • ... 

Niimif 

e 

trai'c. 


’ « ♦ I 

lUlphtir in determined in coal-gas: 

i>j till. 


hhlHcethoil (tM PluOU 

<‘ottoaw«>d t»il 

Olivc'dil . 

(IrmuuIniU oil. .... 

Spcrin-oil, ctrdmnrv. . 

'* lioltlr 

t’oroimut iiil. ........ 

N'raldiMa-tiih 

< 'ih 1 liil, , 

ltn)«' tiil (.hnnlin). . . , 

" *' pure hrin\o , . , 

" *' ortliiKirv !»r*nvij 

" ** brown, o-lioed with 'osljiluirir arid, 

" ** ** ** •'fsffh . 

*' ** " {Huvisioti^i . . . . 

itictdim inJartfRi od. frnd*% i» !Wts, 

'' " " !»urui8jM 

Atiwririin t«|, Huis-t- wlmir 

" “ " l.iirtonii 

•' " wf.-tv, ... 

Beotelt suiurrsl «if, ti»-d Ittr iiwkinn gna. 


Oiuiiw of Sulphur 
l’©t Utdlou, 


trace, 

none. 

none. 

2.3 

3.1 

3.7 

4.7 
S.H 
1I..1 

14.2 
17.4 

10.8 
1 0.0 
19.1 
2(».0 

10.8 

8.1 

10.3 
14.0 

49.8 
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docs not so])arate to any ^roat ilogivo, uiih'ss it stands fur many wvAir, 
and then being at the bottom of the eau or paekage. csfajics mnirf. 

Tlie covering or si)rea,ding i)o\ver as wc'll as the enltiring pnwer of 
such mixtures are. of the poorc'st eliaraelt'r; at least an e\tra j-iiatand 
oftc'H two are iieec'ssary to prescait any sort ef a creditable appearance. 
They dry solely by evaporatimi through the miter skisi of the paint, 
leaving it porous, and \vlier(> nioistun' can e.sc.ape, the .same cdeineid. 
containing other atniosplu'ric gast\s can enter and llu*y are more i|e- 
striictive than the moisture tlu'y replace. All water iul misttnes ilry 
flat and lifeless. The use of alkaTu's amt stnaig melnllie salt dries.s 
to form a better emulsion does not malerially «*li.'mge thoir forced 
mechanical association, and if they cannot evaporate and CNcape out ■ 
wardly, they go inward and eomhai.se on the eovered Miilnee, I'miii 
blisters, and peiding results. 

It .Is almost impossible to .spread a wateriiil paint iti the cold 
without heating it. if sj)read anti not ilry, a cold night, not e\fii 
appvo.ximating a frost, will ensure a hlisteiiug am! pt'etuiv tlte next 
day. Hrusliiug the cutitiug over with lurpetditie ta- beii/ine v\itl not 
prevent or correttt this aetinii, which will take plaee reg;ir«!lfs> of the 
iiatur(M)f tlie ])igmeni. A gnoil linseeil-oil pain! spread tin ;i coj«l day 
(not frec'/aug wt'ather) will “take” and ilry if a lit tie exfi.-i effort on 
the laiintc'r’s part is maile in hrnslt it out well and l»y a lit! !e nime 
tm‘])('ntiu(' for the drier than (hat used iti wanner ue.afhei'. l’>nf ail 
painting for exic'nial exposure.sshmilil lie NOspendnl in eulil weather, 
cs])eeially on all h'rric stnicttin-s, ttnle.ss imdm- ct»\er ntal in n w.ann 
room, where tJit' ptunted surftiee slimtlil reimun until the paint has iit 
least “fict” firnily, nr until it has drieil enough |o hear hatsdlitig 
without fet'ling “tacky.” 

Many paint chemistH th'oni tiuit 2 per cent of water luMt-d itt 
linseed-oil in excess of thiit natural fn it, wliellim- inntle frmn ripe or 
imripe linseed, is not deirimenttil to n paint. To enable the oil made 
from unri])e seed to carry tlie extra water, it is rendered -light nlkti” 
line, generally by adding linu'^water, wldeli fortns with t!»e oil \ehich‘ 
a caleium soap that tluckens the paint, so (hut it tiever settles hard, 
and is etisily stirred up, consetpuniily, does not tlnj hirtL 

A mimlK'r of tests for free wntta* in lin.He(Hl-»iil are; Healing the oil 



free wal-cr nud up. t'ottl tlu' paint ur oil for a f(W lioiira in a 

refrigi'intor, ai\il uulc the diilcn'iii'c in ilM aijri'Uilinj^. Ili'n.1, a lyic'oc of 
iron to a bri^^iit flirn-y fotl uiul pluiigo it into the oil or paint. If 
tlu'W Ih inuch Hiiapping, it indioaU^s tho pivncncT of free water in the 
niixUire. It> ordiiuirilv ptire oil or fjood jiaint, a thick, lu'uvy smoko 
without o\plti.'<iou or anapping will follow the. withdrawal of the glow- 
ing teHt"irou. 



CnAPTKR XXVI. 


SUIISTITUTKH K(tU LlNHlsKD-OII,. 

Manv HiiI).sU(.ul(ss for liiisocil'oil luivt' luH'ii pr('.M('titt'(l to 

the inibhc in the pasl, niul ill, prosi'iil. they nri' uumluTinl by the him- 
(.IredB ill the Pabnil-ollho rivonls, and ouInuU' in the Inrmulu' «ii' llit' 
coinpoumlora of piiinU All subsllluti' oils utv m munniuin and indcli- 
nito in (‘.hnnuilor uh llin pif^inonl.s nascmblrd with them. 

(Jonorally, a low fi;rado of linsci'd 'oil is tlu* huso for tho vohiolo, to 
which one or luoro of tho sc.oro of lluX’-doildois or liulbniis, rosin, lish, 
mineral, india-vuhhor, niul Hoap-fut oils uro mltlod. 'riioso aro tniM'il 
with beiwino for the volaJilo, also with inuni'nnoso or othor .NlroiiK 
motallie-Halt dvu'.m, pul ihrouKli the hunp:diido. No hont is onijdtiyod 
in thoir inaiiufacUire, and hoiik' of them aro dnnjuieroUM to sidl, <ir sprond 
€vcn when cold. 

Ihirchasinii: a/ijenls and nuistor paint I'W (e\oopl in a bnv rusos) 
have not the laboratory, choinical apparatus, loohnioul Knowloih'o, 
or time to analyxo them to di'toct the fraud. 'Pin* ii'snlt of thoir usi' 
oonuvs with the lapse of a viuy .short time, when tho sornpor, burning 
torch, and a new c.oatiu^j; are tho only romotlit's for tiio ovils uf orn/.iuK. 
peelinf*;, or deiuunposition due to galvanie notion. No ninotinl of 
sophistry can chaujjiie thi' fact that the uho of h* t’aHi'd ,Hnb?4ituto 
oils has in luvirly every case la'on detriuiontal to tho paint and tin* 
covered surface. 

Probaldy SO per cent of all tlu' oiln, paints, and varnislios niatin- 
factured in the world is applied to stnudufoti of minor import anoo, 
which aro dentroyed by caitHcs other than ottrro.sion. 'rho>e coaliim.s 
are quite as much for looks as for physioal coudition, 1ml tho othor 
20 per cent is used on tlu' most hnpm’lunt ami co.ntly oimint'oriui' 
structures of onr time. These re{(uir(^ prote«-tiou from <'orn»>ion 
from tho hour the materials ]t*av(' tlie rolPnig-niill, fori^o, and foundry, 

i:. i i .i .. .i 


tiu‘ suDHuuu’t’ i-uuru UU’ wincii I'Xlruonluuiry claims .'ire 

uuulc, vi/.: 

latctfl iw u [luint t<il, u nifiiUitt iciil co))! pomul ^ iiuuU^ by a socrot 
pt’dccHvM from mntcitalH that ncccHsaiily arc a part of the manufac- 
ture r'n Hccri'l.'’ 

Wluit it ia HM a clicmicnl compoinul, or uh a manufactured paint 
oil, cioiua'riiH tin- proprictoiH tif it. Wlml ita claiiuH arc for Huperiurity 
over liuHci'il-tiii, c.mi’crijs tlic tiM-iN. Ah wl b)rth by Uw manufac- 
turern, ila chaiaclcrintic baitnrcH in {aaiiparimm witli liuHccd-oil arc: 

“ 1. Lucol in more tlmnble ihnn linseed-oil, which draw by ubsoip- 
tion and osidatioii and (udy a siimll degna* by evaporation. The 
rcvtM'Hc in llu* ease uilh hjeol, which drien principally by evniioratioUj 
hence lla* condtiiou of the nltimspluMe to which it in (>xpoKed while 
ilryiilR nmsl be cmeddered. 

”2. laicol nets «piit’ker than liiiwed-oil, which in the rmilt of 
eviipornlio}! inniead of the oxidniion of it« elements; tlu^ final dryin^^ 
to a bonedinrd eouditints requiret* many moiillw. The n'U'Utum of 
itM elaHticiiv no ilmibt accomtt« fur its dnrnitilily, 

l.ucol Net't sonjjer and dri»'« (ptieker than linwed-oil, hence 
w IcHM utlhesive fur dii?n , and ituea m»t wiwh oft if nurunl on,tiH ia the 
case* with other v<*ldrle-., 

“4. I.tirol a purer white with while lead than liimwl-oi]. 

**f», l.nrul pre'servt‘H fhe uriKisnd tiJit t»f llie pipnetJt Itniger. More 
lucol m Used in a coat ini' than when UiiKii'd^iil in uhchI, The gloBH is 
k‘Hi«4 at limt limn with Usjs«^-.|-od, Imi it is ««tn ahead In tliitt rtiapect. 
Tile t»il is the life of the pattil. 

*’0. laicul can !«’ lulli a much fnimller pnq^ortion of tur- 

[M'ntine than wiili liie«*«sb«(il'* 

IHiier advaiitaKes are nvi furlli. but nil are tium* adaptable for the 
UHe of Inrul on ■hurfarrs oilier than ferric, and have hwn aiisw'orod 
eliitnvhere in ibis work, 

dla' I.iirul C'uiapaiJV wn’s; ** HV rxlrrirl ihe airin, which is 
carefully relineil b^' n sjiwrial and partly w’ret pna'iwi, and by 
the iimt <»f ritendriils it is e«»iiverl«s| a brllUiint, traiwpareiit, 
letiiun-cu]*»r**«| oil. It l"^*sllnills »ju rrsifinWc, »it«rrnl, or /w/i ail, nnn. 
or rtBin^tni, Iten^im*. {»r iitlier |KiW’erft.tl wdvent dnera. 


an imploaHaiit odor while! boui^i; sprevul ami in tlryuig, wholly nnliko 
liasood-oil, aiulHhould be lh)W'ed on .siniilnr to a variu.slp iimteail of beiiii!; 
brushed oul like a linseed-oil eoalinii;. 

“ bue.ol, ill the form of a imiiil, lesists ullvaliiH' .stibslanee.s, sea- 
air, sea-water, ami covers j^idvanized-iiou siu faces wiliumt pe’crm^, 
IauioI we'i/iilis 71 pounds per gallon, and is placed on ihe tuarkel oii its 
me.' its as a i^i/iilfuiicdl uinnujtuiHrtd oil^ wholly unlike any (Uher sub- 
stitute eonipouud heri'tofort! olTe'H'il as ti paint-oil." 

How W'cill are tiu! idiove (dtiiins founded? "We extract tlieidi'in,” 
etc. ddiis at oiu!e destroys tlu'. idtiini that, lucol is a synthetical com- 
pound. It is only an oil made with a vegetable, an aninitd, or a 
■fatty acid base. 

All of the solid fats and oils tirt' di'rivetl from two soinces. Tlu* 
marine animtil oils art! obtained from tlu' eidd-blooded lisb, like tin* 
cod, menhaden, et(!., and I ho Iml-hlomled, likt' the seal, sperm, ami 
right wlialc!, etc. The h'rrt'strial animal oils uie lard, neat's foot, hmse- 
boiic, tallow (oleic acid), etc. Both classes may l>e i-otisidered as 
mixed glyceiides of oleic a(‘iil (1 'idlwltj), stearic acid (< ’td I id b). ami 
palmitic or benhi acid ((bdlw'b^J 1*'*' preponderating in tlu' 
oils and the two last, especially tiie stearic (stt‘a ino, in the falN. 

Oleic acid lias a specilic gravity of tl.SOS at tin" h'. and in ihe liiptid 
acid ohtaiued by the sationilieutiou of mm-drying oils nml liiptid fats, 
■wdiich contain a dilTtu'eiit glyceride (ban (1 h< dtying oil'', 'bhe ptopor- 
tioii of olein differs acco ding to the nature of the fat f om which it 
is obtaiiu^d,. 

Olievreul prepared it liy boiling human fat, laid, goosc fni, beef, 
and mutton .suet, (iltering tlu' sidut-ion ami allowing it toNtnud for 21 
hours, tlu'u conceutraliug it a litlh' iiy evaporation, adding water to 
separate the olein, and separating Mu' ihiuid frmu the sulid matter by 
pressure. Olein thus obtained dow not solidify at h'J" Id 

Ohiin is also prepared from olivi'-ful and <ither glyeeridcH emitain- 
ing it by ])ourlug upon tlu* fat. a cold strong sidtition of eaiistie >odn, 
which saiHinifies the solid fats Init not (he olein. It is nhc. ohtnint'tl 
from olive ami almond-oils by treating them with cold nlcohid ami 
evaporating the soluiion, 

Ihiro oh'in is a colorless oil void of tnsle and Hmell. inHolulde in 
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ololu will luivi* jin titlor lUstinctivi' of the cIuhh of fiiLs from whicli it 

w ohlninotl. 

'riu‘ muritu' oilw nil hnvc the ropiilnivt' lisliy odor in vurious cU'/^rc'C'S, 
Hponn-tiil tin* hnrdt^t tti lofulc, 'I'lic U'rrt'ulruil auiiiml oils 

luivo llu' pofulinr Miun.-4i oilor of cookinii: fats. 'Hu' vo^jictuhlc' oils 
linvo n hWfi'lihli itdor. A litlh' pruriifo with a lu'uU'd sampU^ will 
('iml)k' the tuiixl of llu'iu to ho roc’ogui^'.od. 

Olein i?* nho «*sinici od frnm the orgnnic acids in soap-stock or tin' 
fats left in the hy protlucts in tlu' rolining of cot tons('(*d-oil. 'I'lu' 
fatty ncitls in I ho "ftMttH*' aro distilknl with stipcrhcalcil steam; wlu'u 
t!u‘ dislillato eonln and stdidihos, ilio oloin is (‘Xlracted hy pressuri'. 
'I'ln* proeoHH ih nnnlnRonN to tho prtMhiction of eonmun’einl <*ottonse(Hl» 
oil and lard sloariUH tisod in llu* propnratiou of Imttoriiu', lard surro- 
pitoM, and onndloH. 'rhoro aro ahimt 'iolhlMM) jjallons of (dein avuilahli^ 
in t lie cot ton crop of t ho I id to* I St at os, if all the foots \V(*rt‘iised for t lu' 
extrnetion *»f oloin and nono uso*! for the nmmifaeture of elaaipsoaps. 

'Plioro is lut amount of nidnial oils or fatty ri'fnse nvailahle for 
maimfueliinnij into oloin that oaii in any matorinl way afft'cl tho 
hroad iiold oo\»«r*'d l*v luo-o«nl »*il as a vohsolo ft>r paints. 

(‘houa*»(r\ hu'^ not annod at that siai^o of dovolopmont wlu'i'o tin* 
UHSi'iuldinu tt{ ihr j’lu'inu’id **!«*mrnts of fatly snhHtnnri*s in tlu'ir known 
propoiiioio^ wdl piodiu'o an ml or tnl. All snoh Mdisianocw must have 
a nainnd h.-ro lot tin* fonn.lation f*»r flu* ehain *«f oponditins and 
ronclioto^ !*< ehniiKo llu’ir nalur**. 

l.ueol. 5 o» n pujnl ihoroforo, not n hvntlu'tii'al com- 

psamd, hilt a luismilaef siri'd pniiil I'il. Its riuioiNoinoiit hy Umstt'i* 
painton-s tthm u-^i-d ••n j<iin’o*nin‘r or otlu-r \Vi»rk« uhioh art* e«»v- 
ero»! hy ooalmfO' of kohj varnodj. or iip*»ti fordo Isidios whieli 

aro t!»or»»n{,rhh eo^rri-d ttiili no ovi«lonro of its rosistanoo t«t 

eorr«»'*iost. A l«'tt •.>srr«-s'=!nl ioij?> of it nnslor fnv<irahk‘ eondi" 

tioiiH ttdl n»«l l•oU!3l^•rh,i!ll»3u•*• llir failun-H. Ciom^rnlly. no roeonl of 
tin* fiiilur**-* **f !•«! nx'idlnhlo f«»r tlio puhlie, who 

aro ns in«s«-h miicr*"’!***! in knownig whai n«»l l«i iiso, as what vohioU' 
is ! ho liK-’ij fi«r a !«iisisf 


of (Iryiu^i; Uioroiiglil}' m aDoui, t) in ikhio. j ifiutc'ui'' in uu; 

oil fiiriush I'xci'llc'ut piiiuls, (hat do not n-niain Mil! and >tiflvy liclow 
the Hurfaee, like eoalinga jirepan'd from liuM’cd oil. 

ChiiiCMe wood-oil is favorably eiiiploye.l as a Hour oil or pnitil on 
account of its hardness; also in (he mauufaeture of an oilidoih liki' 
goods, which, when dried in hoi air. e\eel tlie ordiiiain oihdolli or 
water-])roof prodnets by (lieir e\l rnordinury ela>fieit\. ’riir odcir of 
the oil is very peculiar, ri'setnbling lard, ami rt-uiaiu'. in (be coating 
■for inontlis, and t'Vi'ii for years. 'I'liis lard mlor remain * in (he lae»pu'rs 
nuide, from the oil; luaiee for (hat use, also lor lloor ami other interior 
uses, it is nee.essary to remove it. disguising timMnell i»y ilie use of a 

volatile oil doi'S not aiiswi'i* the purpose. beeaUNo dm' reappears 

after ’the evaporation of it. Among the remedies resorted lo are: 
Agitation with a diluU' .Moliitioii of permanganate of poinssinm; a 
■filti'.red solution of ehloruh' of linu', lilt rat ion throngh animal char- 
coal; mixing with potato Hour, also .storing it for a long time after 
filtration, afU'r tiu' prnee.MS of Hang and Huflin. If )■' ahn pos-ihle 
bo obtain a tolerahle freedom from tlu- odor by tho use of ti blouer 
pa.sHing air lu'ati'd to nol armlintj .at)’ tlimugh (he oil, for h to s 
hours, when it loses pi'rei'plihly in odor and ran he leetl for hnapieis 
or floor-work. Inn’ outside exposures it is not nei’essary to nltaeh 
much value to the deodorix.al ion. 

Wood-oil in its rawslatedriesojuique, jirohaldy dm* to the presenet* 
of mucilage and alhutnin. In this stale the oil heetmies waxy at low 
tcmperatiiri's, and organic salts analogous tu the stearates settle out. 

Wood-oil is boiled for a sliort timt* in a like manner to linseed oil 
with a small percentage of red haul or litharge, else it will always remain 
opacpie. 'riiis for painU is immuterin!, hut hoiliug is necessary to 
give a greati'r drying (piality. 

In boiling the oil, whellu'r with haul nr mnngaiue eompoimds, a, 
tonvperaiure of 200® (t, must not he I'xi'eedeil, otherwi'-se, in the use of 
borate of maugaiu'se, a Ihlekening eiisueM, foHoui'd in a short tinu* by 
ooinpleto gelatiiuition and waste of the oil. Heals upprosinmting 
160® a and in any case not over hstf {'. .should onl.\ he UM*d, and for 
but a short tinio, whiai the oil should he removed from (he fire ami 
the siccatives stirred in. This imparts to the oil a drying ipudity ami 
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from llu! and llu* clast icity frojii ilu* lin.sml-oil, 

I lu- iiupnitaiil ([Ualit v I'cialcrn wooil-oil UHC'fiil iti llic 

maiiuract ui c ul ialt\ lai It caiuuil la* ciuplovtal for spirit. 

huHpU'mt H.S it i.s iu.siiluliic iti alruhdl, 

llu* Wood -oil of ( liiua and Japau is olitaiucd from tlu^ hoocIh of 
the tmig oil nr vandsh tree {Ahunlni nmlnla, Etatvnnra vmu'em), 
Aimthor vairndy, the AUitnin Inhihn, fumiahe.s an oil of Uw drying 
))owor, {imi in used to adulterate the oil from tin* former. 

Aliout 2lih.7tH).(MK) pounds (tf tin* oil are annually nhipped from 
Hankow to oth«T part', of fhina. ami for e\porl. 'I'lu' Canton vvood- 
t)il is .said to he helter and jntrer than the Ilankow, and in ahouL 10 
pt<r ecmt higher in price. The ne4 of the?4t» oils in Kngland, when* 
their use is finidy estnhhshisi. is from ■} t(» riads per potmd. 

De Negri and Shurlafi report that tht' fruit of (he tree from 
which the oil is e\tra«d!*d eontains ad. Mo per ciMd of oil, ‘12 pt‘r rent 
heitig nH'overnhle. 

'riie rold pressed oil is of a jiale yellow color, is lastekw, and haa a 
.smell like castor od. Tin* hot priwsed oil ih a uitHlium liruwti in eokir, 
with a tjiHic and smell lik«* hog !»!. 

'Fla* drying power tif the oil stiperi<ir to that of linwaHl-oil, the 
roltl'pn'ssed drving heller thati the hot jirewmi, 

lt« Hpecific gravil) !•-» 0 ‘Jilt* to 0 *tU. Snponificiit ion vjtUtt', 15(1. (r- 
172. hHlist** value, h‘>*.i 101 Pie Negri nn«l Shtirlniil, d'ht‘ oil is 
Holuhlc in cold .>d»'!*»lute alcoljoj nnd mini's readily with linstaMl-oil. 
Whcti hente«l with Idluirge it turns darker in color and evolves a 
nlight smell of acrolein W lien tinnh spresid on glass in a chwisl pintu 
it tlries to ii wliifisli him rr'-sendtluig nulki, or frosteil glass. A lieavier 
coating exposed in the open i»ir dries m (5 houn4. d’he oil nft«*r 

ln‘nlin}»; or iHuling hv n.-.rif deielops the wlaii'*h lilm. hut when iHilled 
with litharf*!* is as rlritr and ns utrx oil varnish. 

\'ery thick liu er-j of ilu' dried oil ran In* scraped oil as n tottgh mnss 
(juite uniform ihroughoyf . ft hits mt rxrepiionjiily stitnll iulln*renee 
tn ghew. 

'ritt* lialsaisi kn.oi'is nn oil or imrjjm hfdsryn, from the />//>- 

Irnmtrpim lurInwtiuBj Atnin . not U’ with the ttmg- 

n.y Tf f ^ tr-s %? 8 I 4l(>f I H f I ^^a a 1 ^ « ll ?« I .»«.« I lat' It 


hit ]>lu>rl>ini}i. 


This suhsUuico is in ils ("ciu'rimi'iilnl sfnp' In 1)u' rnitcd Hinh's 
as a vc'hi(ho for anli-corrosivi' aiul anti t\iulin,n paiitls, Atli-ntiou 
was dirocUHl (.o its luiti-corrosivt' (jiinlitics fiN n iinliiral vunuNh and 
its probable utility as a vchiide for paints abont tin- your IsTtl, from 
thci disc.ovory that the axes, machetes, and other tools nsed to cut 
down the thickets of the (‘Uphorbia spurge, to clear the \vh\ for a 
surveying!; exp<'dition in Natal, became j-oated with a strong fdntinouN 
juice, that adlu-red so (irmly to them as to be with dillieulty removed. 
The tools coated with it did not riad in fre.sh wnlt-r, ami bilge* water 
had but little eITt'ct upon it. When artiele.H we*re <-ou(ed with it ninl 
inmu'rsed in tin- sc-a, no barnacles or marine life w«mld adhere to it. 
Its effect upon insect life appeared to be et[ually re-pitUive-, aial timber 
coatc'd with it rc'sisU'd th(' ravages of tin- 'I’tmln itHtnUs, It re.'.iNis 
lu'at and cold Ix'tl.er than lin.seeil-eiil tind varnish veldeles, while 
ammoniacal and chemical vapors tlo not catise bliste-ring, .sealing, or 
other injurious action. 

Muithorbuuu jtiice has a strong adinity f»ir inm timl steel, and 
w'hou apitlit'd in its crude stfde tis it exmle.s from the shrub, ha'* no 
injurums elTect tpiou imdals, woo<l,or ettlu-r sub>4nin‘es use.l fur etigi* 
neering or common building purpo.se.s. When prepnreil for a paint, 
the juic(^ undergoes S('Veral specisd prttcesses au»t beetaues a clear 
gummy vehicle of a iiK'dium-brown color, that receives the usual 
(U)lor i)igmeid.s much as liiiseed*oil dot's; retaining, howevt-r. its own 
IH'otective lu'opt'rties unimpairetl. 

l']uphorl)ium, j)repur(‘d for a vt'hiele, uppenrx to juaint.'iin its 
pvoi)erties in all climatf'S, nml ilot-s not appari-ntiy delerit.rnte with 
It is perfectly (dastic, baiacious, ainl when dry, can lu' ilntwn out to ji 
thin thread. It adheres (irmly tti ladiNlanl ateel, titi plate, /.ine eojit ■ 
ings, sheet lead, and spelb'i-, Marlh neitl.s appear to havt* little eiTeel 
upon, it, as iipu-s coated with it atitl buru-.l fm- a jumibm- t»f yt-ars 
show little injury. 

Kuphorhiiiiu juice has a bitter, biting tasti', is very acrid and 
irritating to human Ilesli, comiding and tilet-raling the'lHtdy wher» 
ever it is applied. The sores rew'inble (hose from nitrle aeid, nml are 

lyftvfl •i*/\ I'lrf'knl .*11 ... . .. t *t .. \ ^ 
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T!u' t'ujiliiirlutuu n! r*i iHiiurn’t' is iiupnrtful in cjisks, luul in a g\ni\iuy, 
rcf^iimus sii! *.’>■1 aiu’f in llir luriu ni lirojis (»l nii irrt'jiujur rc.sciiibliiii^ 
glint nrnhii’, 'ri“' runt am vi-gi’lnlilf mntii-f twigs, {lownw, 

Ihiirns, fli-., that cnjlia'l un the gum as it cmiiIc.s fnnu tin* (ria* ami 
tiru tltic-il in: llirntgli munv <»{' ihc Imi-H an* hnlluw uml willmiif n'l'tist* 
in tht'iii, I hi* nalut'al rithu’ i>t the Irars i >n rlnmly pair ycllnw r\lrr“ 
nall\ , iait n! a hf^hln rnlisj' inlrriuill) . 1 hr irurs hrrak rusilv in ihr 
jingrm.hnl nmlulu nlt ti< puhrii/r. Tlu' prinripal part of tlir ])rot'i*Ns 
In prc'parr (hr rrmir jmiui !..i n r as a \a»ni .h m* a vrhirlr hu* paint is 
In frrr it Irmn ihr urriahlr maltrr, It i>, partially dissnlvinl hv 
walrr and ahnii'it rniuf!^ f»i airuhu!. rula-r, and nil uf lurpriitim*. Its 
C'njnpnsil inn In ana!\’-is js. 
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It ha*’ tm arid rrariaui I’ul an r\!irnsi'h huridny tnsfr, 

'llir inli-nsr arM'iltl, r diir !<» llsr tr-’m, sniiiidr in lhi> rlhrr, wllirll 
tiirltsa! Itt7 t* In jitu } ! , Ihr irsjn rr'.nliilnlr in rlhrr snrils laiwrrn 
and dl*'' 1 rn|.!s».ji,|ji r-. a rn -'f ;ills/jili|r *uil»*4ain*r, fu>ini' 

at !5I, ! ■ I . and sxhjldr ISa rihrl, ! *l'li J8 ir , r! f , hljl Jinf jn |a*| W ait T. 

I'.Uplinrlultnsi fltir-'' !ri}dl!» WSllinSl! flir 1 t-=r nl ISirfalllt* ■•'alls nj' 
Nilvrtif drirt- I »\ I.*;*!! and nliirr Ivindrrd .uirs--) npprav tn hr 

ihr fir *4 dl'irt'i l.•|! ji . «iu-ii .»ss’, ■?!»• la-i pulrd. TIst" rrisdr rrsin is t!ir 
prndmi n! tl)»' I. i 4 |>lini . ,f . S !t«- gfiiriS j- njuiartnar, d‘!irr«’ atr idmllt 

(MHl .Hp»'r|r-«. ju;isii •>! air lial i »*! uralll *Wrrv J'nUllfr^' III 

thr Insiprrijfr /nisrs^ aiid ;»s»' ri aiijU) n-- spurt^runli h, 

T!u' j'lipljnrhssms siJijs j,»r , <•! |. id j .f r> a sisiishln aisd lirr!»;i» 

ftHiii.s siir»'iilriif , fi H-iil .U < > • -, j-t r. I « 3 l It I and Is;,! ung >d alk” Irnui 

li lu ll niid -.'uSisrf jssix I In fs-ri s 5 i Isr'udi? aiid Ml alinrssi impriir- 



ol tlic lower ranf>;u ol llu' Alias .Mtauiiams. 

The euphorbium kuiu fnaii .Naial fiaiNiilt-rfil tn lx- inferior to 
the Moroceo pn)ihu’.l. Morth Al'rii’u i ' eapu!*i»* xA prnilueiint laiphur- 

biuiu iu siilUeient iiiuuiuits loMipph al!ia>>i aii\ cirioaiul for it. 

|2;iuii is ealletl in Arabia '* liarkiuow.*," nial is known in the 
Eastern nuirkc'ts as “ Ibirliuin.” 

In India tlu'iHi are 1 1(1 species of the Aiuunniiiuni referretl to 23 
genera, in addition to the /v'. nsliiifi ni and some other vurit'lies found 
in Arabia. 

Tliu i'A (}r(tcin)ciiltiitti\'i in Intliu (/j/ c/icrf ueld'. 'J.o per cent of 
a (dear oil of a yellowish or greenbliA ello\\ et*l<»r from llu* dry 
linakeal siH'tl. oil i.s more limpid than hoNet-d oil, do(‘s not 

become ropy from age, ninl is nsed for a hurning .'tml drying «til. 

The I'J. litlhurk is raistsl on the edges of the holds in h'rance, 
Gcrnuiny, and vSwil/.erhuul. It coulnin.H d(! per rent of u thiiil oil of a 
siceative uaUire. 

Thu E. ncn'lftilia grows wild in Hunmi, llahiehistun, the Malay 
iBlands, etc. U yields a gum of a guttu pen'lm nature on hoiling 
the stems and twigs of tin* sliruh. 

The E. Houlvnua is a large fleshy shruh common on the dry rocky 
hillsides of the inmulayns, growing at an elevation of (HMH! feet. The 
sap of this plant yielils a superior gni ta'perelut. 

The EMiria Lcittist'UH yields the ri*sin muNiie. 

The ^^<'lall()rs/laui ii.Hihilissi'nitt yieMs the hluek varnish (»f Hurma. 

The Indian Uolitjarna hitiiiifitlitt {i1m» yiekls a vaniEh. 

The Indian Odina irodhr is <’over(*d with its hnavn gum, which 
streaks down the stem and ultimately turns hlaek. 

The E. 'pulcherrima is an oniamental sltruh growti in Mexico tliat 
yields a milky sap which hardens into n black gum. and can be boiled 
down to a sort of gntta-pi'reha. (hia((‘mala and other eotmtrie?-; lu’ar 
the torrid xone alst^ hav«* a large mnnlier of trees that ft^rni^h the 
natmail varnishes, though no utt(*mpl has been tuatU* to bring them 
into cornmeroial iniporl.ance. 

The P. icrvUnlhm is a trt'o growing along the nlioreM of the Medi- 
terranean ?lea. It furnishw tlie cypnis iurpi'iitim*. 

The Japanese lacqner-tree, or tlu* vninhi-uaki, is known in China 
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wot’ili i'’vVi t’tc. 1 Ik* Aiufricnn thigwntnl was fornuM’ly thoiiglit to 
be itf ihosantt' speeit's, Ijtii is lutw placeil in auotlier of the Kuiiie order, 

in Japan* the Inecpier-t nn- gmu.. in ihe lieigliL of about 30 feet, 
uiul at the agc' of It) years about JO inches in diameter. It roaches 
its greatest perleetioji in tlie \ iijd ami ([ualily of the ku*. or varnish 
at the i.gi' of b'' \ears. 

d'he crudi* lac, culled Ae io‘a.*{/o , in collected at any time between 
the months t>f April and t>»-tober bs making a ntimbi'r of horizonlal 
incisions in the bark i»f the tree nni mnmu'r similar to Uu^ “boxing” 
practiced t*' gather the sap of the long leaf pim^- or turpentint'-Lree. 
'riu' tree is hacked in this tnanner h»r Irom bU to iSt) ilays, or until it 
di(*s, when it i * cut down, the Itark and sap-wooii reinoveil and sit'epi'd 
in hot water, whn-h e\trael.H the ln>4 remnant (»f the lac, about half a 
piiil.uhich foinin the ponient pualitv of lac, known us “ra/Vo-araa///,” 
or lilaek vnini'Jj. The tree seldom survives thi' lirst Heason’s hack- 
ing, tit whateim* age i\ i>* dom*. 

The vurninh-trei* in pro!«abl> ttaiive to (‘liina, lait ii is nlno fimiul 
unlive in Japan, am! in !-nliivated all over Nippon atnl In H('VeraI 
ilistricts of Kiunlaa and Shikukti, and there an* exleiisivt* {)luntu“ 
tinns in the valley of Tudamigaun and Northern IJeliigo. A tem- 
perate elimute seemn tu best ctiit the growth of the tree, as it n'Uclu'H 
its greale‘4 pi*rfrciiou on ilu< nudti i-Jaud north of lalittide 3(1®. It 
in tadlivaled in Noiilirris Hondo, iH-iweiij 37'* and 3U*k It ittuy bo 
of interest in e«»je4deriim the »|nr*.!}ou of babiint to mde iliat tho 
lHuix vrriiit'ijt i'tt , ineiji ioisrd bv Mr. J. J. Uein, are growing in (tor- 
many at k'rnnkfori on-Aluin ami iil S!ra.slnir{i 'riu*y etulnrod the 
hard winter of lH7d so. when fbe temperainre reached 27® 0. 
In Japllii the lotte,'!! frloprfal ni'e in \«»li!ieriii \oli*=ihiu ts 

The lac i'i ptirifled 'U r.>iiisjn|.t ihrosigh cotton cloth, evapo- 
rating (he wafer In ••‘%|Mrtiire In ibe suii or bv a gentle heat. ,kftm(*- 
tltiuw wafer added lo the rftidr l«r. and fliev iifi' grtunid togt'tlicr 
on a paint ? 4 id». and thru the wister !’« evaiHmil**!!. \ annus coltjring 
nmlters im’ added fo fht* piirilird hie bv grinding, iw is nsnitl in (he 
ntnntifacfure «»f «'il lilmck IjH'otier oilier than that fnmiHlieil 



gall from pigH and oxi'U, Lo givi^ Ixnly to I he lac. 'riu> iiiu'cnI lac ia 
from the lira L run of Uu' sap uflor lai>|uiig. (l calli'il lutsiiifi untshi^ 
and ia blcacluxl in shallow V(‘ss('ls laid in tho aunlij'hl. 'riu'ulhcr prin- 
cipal grades arc Ihe lirnk[-nnt,slii, Ihf iinliloarlini j sit tin {•‘iiru.s/n\ and 
the roiw-iLruslii, or l)lack varnish. 

There are al)oul 20 dilh'rt’iil. graih’s and tpialilirs tif (hesr laetjiu'ra 
in the Japanese nuirkcd., of which iht' ulinvc .an* tlu' principal 0111 * 8 . 
They vary in color from a lighl brown to a ilccp jcif\ black. 

Laccpier is thinned only by iicaling. 'Fhc addition of water 
thickens the lac into a jelly, l.actptcrcd objcct'^. arc always Itardcncd 
in, a humid atinos])h(*rc, such as a room wit It wd clotliM hung on the 
walls, or containing a spray or vcascla of water. 

All va,rieLit'S of varnish-trcc.s arc propagntcil by the .mcciIs ami 
cul.tings. Tin* st't'ds are* gathered in ttclobcr ami howii early in the 
spring, make 10 t.o 12 inches’ growth llie limt season, and in 10 
years are !) to 10 fet'l. high and from 2 to 0 inches in dijourler. In a 
favorable soil (he aiimuil heigld-growth during the iir'.t (5 yeni>i is from 
20 to 20 inehes, and diminishes afterward to from lu to 20 inches, 
riants from root cuKings grow more rapidly than .‘••cdling s but tin* 
latter make hardit'r and longer !ivi‘d trees. The trees afte*r the Inst 
5 or f) y('ars retpiirt* very little care, ami are generally tappeil jit any 
pc'i’iod afli'r llu* tenth year of their growth, (hough .'nmet tines it Is 
done wht'n only *1 or H years old. 

The cllmatt* and soil of at least one>'tliird of the rnited Siate.s 
arc as favorahle for (he growlli of laepuer-lrees jc tlio'.r of Japan or 
(Tina. Their ctdtivtition repuires no more care than that given 
to the HiigaiHiuiple or the I'inenlyptiis. Speeimnei of the tree.s are 
growing in the groundH of the Department of Agi ieiduinMit Wash- 
ington, I ). (k 

I’huits which are largely cultivated in Mnrope have berit confiisesl 
•with ilu' Japanese RIiuh vn'uit'ijt ni. 'I’Ih y are, however, a diUVr- 
out varii'ty of Ihi' tree, 'I’he AUtuiihns tjhtminitims Ihaj., jn hratice 
calk'd Vernis dr JtfjHin, is also of the vnrnislnbearing >pecirK, 

The poison - Riimacli, lihim vrriutita, emumoit in the Iktsiern 
TTnited Fltab'S, yields a sap that fnrniHhe.H a black, heUrous, durable 
varnish, verv similar (n that tlerived from the JannueH,. ircj*. 



iiihalod t)i' in coiitiU't with tlu* llrsln jii'uiiut’r> whni nrc kiunvn an 
vuriiish boils, at’t’oinimnitnl by an ininlnablr nciuii^ niul burning 
nonsulioii, siiiiilnr to that jii’iHluofil b) the jiuiM»n t\y. Thry aiv 
diiliciill. lo tu'id, and rcscmbli* iht' olTcrt ttl uifnr atad cii tho llf.sii, 
d’hn (!luiu>s(‘ and Jui»unrM' liuajtun- u.h n viuiinh to vriiifln 

for aolovH on all kinds of housolmli! utni'il’, nl'«o b»r flu* iioido and 
oidsith! (loalings on llicir building'*. i,afi|Urr n-> a t-au 

b(‘. UHcd for all colors (‘xccpt a {»urc white ntid t«l the lighter 

shadt'H of ollu'r color.s. It is iipplietl In wutni. |iui'eelain, and tnetals, 
and forma a hard resinmi.s .surbtee, hiidily lusirnu-., jirnettenlly iiiscilii- 
bl(^ in boiling water, idcoholic lii{nitls. nlkahn«’ .and neid Ntiht! imis, iuik'ss 
in a highly concentrated fornt. AppHcntiutiH uf lurtpier tu the tinder- 
w'ab'i’ Hurfaci'H of ti number tsf JnjmneM' war ve.weln for boilj ntiti-mr- 
roaivo and antbfouling coatings have bem veiv .'Uieee't'^ful dlie 
coalingH, after a Hea-dnty of four years t»f the ves'^els t«i which they 
W('r(‘ ajtplit'd, ahovved no .signs nf eifla-r fiuding ttr e<nroslt!U, 
ApplicalionH of other anfi-ftmling paints uf nil elinrneters ov«>r 
lac.tpu'r (toalingH wiM'e fnilnres, the urushir tiritl ai the k’n’ipjer fittack- 
ing tile nietallic base of the hireign nnti fonling paint, re.sulling 
practically in tlu* dcstrnciion of both. 

'riie lu'Ht results for under-water marine work with luctpjer is Inul 
wlu'n the first ctading is a hi’jivy om* and ahnost pure lacquer, 'Fhe 
Huctaa'ding coals tain la' thinner in body jind contain either a {/igim-nl 
or .sonu' inert substance to givt* boily. Mica, graphite, latiipblack, 
ct(!., Inna' bci'ii usctl c.xtieriuicntnlly with mtccesn b.r ihem- .Hennulary 
coatings. 
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JlKc.W OK I'AINT. 

UuHT pr<uM*(HlH Kolfly front tlu' nrtiim of tut, tu'idnlatt'd nioisluro 
upon ti liriKht tir rlonu in»n snrfarf, inul in pniltahly only a point 
at ilH inun^uu-al. 'riu* nllinity of tlu* irtm for tin- oxygt>n in tlu* acidu- 
latod niotHttirn of tho nir or wntt'f in tin* oil, or from ollu'r Hourct'S, 
in gri'iifi'r than itf< Itoutl with ilu* hydnigou an water (!(./)), tlu* dcconi- 
ptiMition c'lwuing ndoaHow the hydrttgfu, which in Hixtecn timcK tho 
vttlvimc of oxygen unitetl with tiie iron to htrm hydrated Fe,/)a or red 
ruKl. 'rise iiydrugen. from it.H light apeeittc gravity, in iln elTort to 
cHcnpe inls> the air piihhea up the siverlying paiist coating, incretiHCH 
the art*n of the alTecteil purl, ernckx the coating in its exit, moisture 
entsw agsiin, fsitil eorrohiois h* m»isti<r of tlust Iticnlutn. The rust 
which luiH thsiH hi*en fointetl in hygroMcopic utul cniTi(*H 24 pta* cent 
of nutisturs* its it forint. Thin moiniure titvtr tlritn out tuiiler any 
ttlnto.Hpiiei ic heat condiiionn, hsii in ever reasly for a chs'inis'id ilecom- 
position; the hvdraiml red rsml. lahng nearly tw«i limeH the volume 
of the iron foan whis’h it in foi!oe«!, jtddn ilt* efTtuis to the fian* hytirtigeii 
to piinh up the ensiting assd foriis n hlister initl crack iti the coating, 
llfjw eiiergetie fhi*4 lurehassieid action shts* tss c«»rnt.'<inn is, may lu* 
ohservefl on the iirdiiusry rainf iroti hand railings for h'liees and tui(- 
aish' siepH of X»‘w H oik t‘ii\ and otluT s'ity luaises, whirls in hundreds 
<»f iisslssneen are nphi for isiore or lens of their lisigth. CaHt'-iroii 
water or gan pipm. nitli }m*I 1 and spigot joints, are fi'iapiently math* 
with rtiMf joiiitw Thev sdsnoss invarinhh- hurai tlss* hells hy the swell- 
ing of the iron mnent ii«rd !«» make flu* joint, 

'Use ess!. Mg. ;i’i, diows n sertioii of a \\ell-kju>wn railway viaduct, 
the inm eoieU nieliosi having hi*eu pjshitesl c»vit itsill-seah*, ur in the 
eontlitioss the jioilerial left the rolling'Sijsll iiiul workshop, it Inul 
nHa4v«*«i the UNiiid treain»*rit given l»v eouirin’tsug engirmers to remove 
the* tiiill-si'stle prelimsnarv tt» pasnisisg. 




wi'H' jtlui’cti lit jiu.'nuin. 

'Hu- cnrni^inn rvi.siiiig in Hnutfir.s* lulmlar irtm britl^c'nvnr (he 
Ir^l. I jUW rcurr Hivrr al Muntrrul, ( niiinlu, !uul jinu't'i'dt'd In no 
an t'xtniil UN to rrijuut’ tin* rriiiovnl nl die uholc Nlnu'turc, it ht'injj; 
itu| lONNit lie* tit rt'pun if. I hi* cHuvI.h in r!’|tlut’i' llin crn.sH Ilnnr-lit'uiiiN 
HUpiinrliiig llu' lull Nfnufr.iTN ^•|•^nlfl•d in InoMUiiiig nvery rivet in tin* 
ncil^hlti'rhttnil i»i the ifjt.'uif*. I’iiliiii' umniitl the lu-ndN of the rivel.s 
hiiil |trtteeeded rui Sul and dne|i ilinl it wun iinptiN.sihle in cut them 
nut wilhnut ln!»NrniU|; eu-i) ettii! lyiiuUN rivet . 

'riuH lirid}.te hud he«-n Ki-jt{ urll puinietl with IrmHtxidt' and .some, 
experiineutsd pumt*- npplird e«<iit utter i’tiut. dln'w* enutiiigs wlu'U- 
evi’f reiuuvetl. itr tltul leii nil dniiUK the periotlitutl elenu-up, t>r nlti'liipts 
In repair uiiti paint tin* ■! nie! nn‘, M-hnwi-d the Neverul ettntin|j;.N of mill” 
Ni-ule, paint, un«l n»*w ni *1 S»»iniuSinie. us plainly arrnnp'd un the leaven 
nf a hnnK. 

Hg, 37 nhnwa n .HimiSnr .Ninit* s»i eisrrn.Hittn, 



lu 1S,S7, Mr. Hialtun ihr i.f Xaval 

Ar(!hit('(!l.M hi.s (‘.xpcrit'iu’r tti n vr'.Hfl i»U!!i rniiirh ui ’mJi-cI miuu> 
oiglit. yi'ur.s lii'l'drc, which was hmiiil t«' In- rnrindi.,! Ju 

builkt'rs lUltl \VU{t'r-lmlluM( cluuulirth umt Ihr rU5,'UM- mmiu lUai iHtilt'l'.'i. 
{Sonia of Uu' nn/^it'-iriiiiN hatl duturl) Uw-apprai* .!, aut! the fir 
w't'i'i* ('nil'll away in liolo. 'riii-» jiciK'n t'nt8!i} !«• inii-r*! ulitcfih lo the 
jircHt'iU'i' Ilf niilh.scnlt', aial uliclhi-r fho wiis- cuufinl with 

juiinl or ci'nu'iU or not, tlir i’nrroM«*» W}i'» nlwn\'i lai-vi iit »i|Ntn !h«i?<(* 
plali'H and anglc.s that luid loill .'.cah- nj«»tt ihi-m, ajul hvjs ulmnii ia 
ihoHo Ircc li’oni it. 'I'ht* |ij I'Mauu' ol fh<*])ni!8f ui nfhrr niHliui* iciardl'tl 
aorro.sion only in a miiu»r dcgifc liy j»icvi t«hiw* !HMi>4tirr froiu nw'h” 
Ulg iho inolul rovorod hy the luill -calc. 

In liSS2 Mr. I'ar([uliaiM»n, on lirhnll ni shn' l%nj,'li‘di Hojird of 
Athnirally, conductod a nutnhcr ot vi i v »Ahjiio4 i\r iisa-nt.H nt 
llu' dilTorcul uaval stHlion> to Ir^t the actiuii i4 naU Hrnit* uii fdiipM' 
niotal. 'Pill' roanlt wan to i•^‘l^d^liHh ImwoiuI di'pnio that, iirxt. 
no pitting o(’(‘urrod on mild .hIooI whift Irtut luim md! m'lilc, .“iffondi 
that the 1 oh.s in wcij^ht Iroiu corint'aiai of rhau osih! aiul clfiin 

iron did not differ nnirli: lliiiil, flint th»’ miiou of tudl Ht-nlr i^ coir 
.sidcruhlo and routiHUiiUH, tun! ttfutfl In tt .Hirniinr lunnuni nj rnpitrr in 
{'(urnsirr (uilnn on niclal eoviTml h\ it Smt i- r^ja'ritui'nl'i 

the Admiruliy have never wavered in (heir ptaetiee o! all 

of tile KliipH’ nielnl pickled (t* remove she miH -rnir, whetlsoi H h 
to 1)(‘ covered hy paint or eiaoenl, or to he j'aKam/ed. 

Ih’HttHtiif't Aijniia nj }\susln 

Pure water ia a greater deMtruetive element to an oil eojiting 
than Holulioiw of aal ntninouiue. eldoiale of imiifne-autn, roiomoti 
mil, or natural si'n-wnter. if frei* from ^ewnge. nil of wldeh are nveni’" 
of deHtrnetion, The decay of a paint i^ Inn^ieiied In, merlmnirnl aetioii 
if the water, either frenh or aalt, or the other ‘tulntion^, an- in inofhtn. 
Ordinary ecnmnereinl oil eoatingH are de.-niioved In diUilnl niuiiaiie 
and nitvie acidH, alkaline litpiorn, ammonia, »^nl|*hs*!e of ammonium, 
aoda, e.aitHtie alknlies, and alkaline HolutioiiN of coni n*4ie*i. eliiikei>.. 
CinderR. Hoot. etr. Dlhlff*!! Mohihitrle neld tituM ntd iallv afTeet 


A r<iu('uiK*‘f puinl npju'ar^ tn In* a vciy Hinii'tlo ihing, aR it ia, wlxon 
to a hoii-r ur Inniii uml hmii art* h-l'i io tlu'ir fato, but when 
uppUt'il (o nil imporfaiit afriu’din-, with all llio vieisai- 

(utli'H of Mri vici- in tin* l•\^rliu»^H uf hfut and I’old, huiihIuiu! ami storm 
ntniospluMS*' and oiUit {,'nMr.H from ttnfurul ur niuiuifac, luring souriH'S, 
from (’oiro.Mivr i nml ?«ol}d'sit in a dilTcrunt mutter, and requires 
more fiudm-ei jiu* t'\\H‘iu-i\vv til M’leel, mure elu'uneal knowledge to 
eouqioumhaitd moir trehnind dulailN to get theriglit tiling in the right 
plaee at tin* right (imo. in the rigiil manner, and in the right amount 
(hitn the geianid run of ma.Hfrr judtiterH lio or cun give to llu* Hubject. 
If tin* inlluenee . lu uhieli a eoatiiH; of pniui is to be sulijeeled are 
known, it ran geiiendly In* deleriuined in ndviuiee whidher it will 
be durable. I or iuHinnee, ?'ine uldte or o\iih‘ (ZnO, Hjieeifie gravity, 
r». 12) HppUeii u’l an e\{»Tna! ronting nbwulw earlKiuie aeitl from the 
air and Home n«oi-tnrr, elianging to a enrboiiute uf ‘/,ine (ZnCO^, 
.Mjieeitie graviix , ! Ml, Inning iIiih rhange (here is an increHHe in 
v'uluine frosn I t it, «"•> an o\jde. to 2s, 1 aw a earbonatc*. d’his ehaiigo 
from an o\ide to n eailHinate jh » rheinieid one, and oeeufM during 
the jit'oeeHn o| di x iog, but tie- 1 htunp- la !hf riiliunr tif the two sub.stunci'H 
exerts a nieehanieal art ion ab'-o in the atoiiiH of the jugnient, nut only 
to diHrupl lUrio and Imve lijrin Ioomo ami easily c'arrieil away by 
(he wind, rain, rle . bnf eun-k”* and looseiiH the oil vehiele in whieh the 
jiiginenf i'j eii»lh-d>l»*d le* wril im li» bond to u ImteVer stnfaei* it euvei's 
lint if the ,/.inr M\i.|r roaijng i-s n|»|4ied in a ehe-anl n«an, tliongh (lie 
air eoijtidsei the same aioMnn! of rmUaiii* arid, ur even nmn* than 
tin* external ids, the oxide dor-s no! rhHSiiie to a rarbunate, as tlu' 
neersHurv S"‘ larkjjai,*; hvitvv yijie «»\ide for itileriml euutingH 

is dundde, bti! f«*j Mijt'ddr roiitiug'^ i*« | n-l 

ll,***| li-ail cl'bdh. n|.rril!r gravilv. *Hl7l remains imehaligiHi tinder 
’Ordinary iiiiine.ij«|*ej ie mndiiioiri. bisl if the air rontniiiH iiydrle sul- 
|»liide, as it dos'M in nsiim- nsaimfarf iiring esinblislunents and tuwns, 
to a iiotidde extern . ii « ill In an inexorable ehendeid law change 
the oxide !o H •ednbidi* of Irml U*b?s. spreifir gnivilv, 7.Ki), and 
tills cheintejsl elsissjs'e I momlK' j!r!ioi«“4 l«v the Islacketiing or cliHCulora'" 
Itofj f«f tile will also !*«■* ?sreo{ti|»iyiir’d by an tiuTeiiae in volume 



cinal'loii of tlu' cdpiit'ras tu' ruaNtini' «»l thr *»!•- ij. !j»-i « iMit.rr 
is !UU)(lu'i' uislaiicc in witich uti int-\ma!iK- rls«nu«.tl ciiatu'd m mit. 
of lh(' looso suliNlauri's }>■. l‘\ a iisauri' in 

spi'oific. fiiravily, ila t‘(lrrI•^ip^ln^!ins': oimnn- ju an.! a tun'liau 

ical action to l•('i^^orc^‘ thr clioioiral arHon *In.- ih*- law i<il 


loa,(l(>tl willi its cluu’jso of ultu-'c fuiaiiMn i- riflin 

pos(' or consuino by a ^!<‘\v ilir ” tuui >>■. ,f> ” in ilu* nil 

while aili'nijitin^C to ilry, All flu-'^r iis'.iinirr'. air -'inaliu in rfTrri 
to what, would occur in the plasirird uall •<!' a l.iiil.hu- is' fhr lUMiinr 
used in it, whiai purliully dry, ,‘4iuu!d I'l idn !** n.* r .i'«- in v«dnuu’ 
to the amounts as jjiven ahovr. Othri urunnrr l«r rii**.!, last 

th('se show lluit the pigliielilH of thr ronSjnr »'an In- '.<* ;t'i to 

pn'clude tlu' di-structiou by thriu of thr roatmr, bnf fhat it s-- alitnrU 
iuijiossibh' to j^utird the Veiuch' from tbr iujuiion , nitlu. nn- . tuliriml 
in the eompusiliou of the pi^nuenl, that J’* rhjuisT.I sn * b.o iirs. i . afirr 
its application, by chemical InW'-, Ib-Jirr thr al- >'ioir 
that, an order for a protedive paint 'diould m.dud • thr i i.udiiu.n . 
it is to b(' subjeeteil to. 

In addition to tin' pri'cedim!; reinasSr* upon n..n .-M.i,., .oapiirr. 
anil otlu'r paint.s, and the sevi-nd frd-. idu n m d. i;u! oi a t.-u ..f 
tlu' many paint eoinpoiiiid.s, it may br inUrd. ti * ‘ 

All plf>;iueuts* can be^u'ouped iulu tluri- . an’,. nine/ U* tb.-ir 
aflinity for linseed-oil. 

l''irsl.. d’liose that form ehetnieal combiiiaSiiaiH i-allrd -aiap', -ind 
are geaerally the most durable, 'riu-y comdu oi had. /im-. end 
iron bases, of wbieh red lead eombiue** with tbr oil to ibr m.-air t 
extent; next, the pure eurbonale white Irad mad.- In sla- "i dd hnSrh 
rroeoss,” followed by zhic nxidiMiiid iron u\jdr. d’lHl.n nnd.. i, 
o(lne, also, faintly, the ehi’uiuates ot lead, eluoiar-'cirrii, and eluon.r 
yellow. 


Second. Ptj^meuts of this elnns, beina nruiial, havr no ebrmieal 
adiuity lor llic oil; they need larae nmonnm »4' drin-i. rtibrr et.in* 


biiu'd with and etirriml hy the oil, nr m* fcrr 
all bl.aeks, ^ra[)hit(‘H, Hlale.s, slaK-s, vermilinuH, 
(lliiii(',s(> blues, ti'rra de suama, Vandyke brown, 
iiltramariiie, earmiiu' and madder InkeM. '{'hr 


• irk*!*! 'Uni inelude 

VnnNinn, r.nri'., and 
Pari't arrrii, xa-rdieri*’. 
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pjirfiil <‘nl»»rN. aii<! !Uf In*} jrr nihpiiftl fitr Viii'iii.sh in'iNiun's niul jLi'lazin^. 

'riiinl. > Ilf rluNN ui'i th'hinit’livt'ly In linsciMl-oij, 

'riu'V liavi’ alt nt-al haM- (mii-4ly llu aalt , hy<lriifhliiri(l«> of liii, niiil 
n'tlwniiil ily<'> wlui’li lus'iuM. wiili ilu* allmmimtiis aiul ^t'lntiiuniH 
luantaa in ihr nil. a jr!l> like fnitipitiuul ihai dufs ihiI wtirk well inulcr 
tin- hruali imr hanli-n MiUu'iruili, . am! fan la* used in a varnish hir 
glai'-in^ eiilv. Anniiif* t!»e nuf i irunltlesunie are ihe Inwer grades 
(if .Mtefulled faindne't. nunldei lakes, rese jiinks, «Mf., wliii'h eniilain 
tiinrt* tir le^f' afidnlntis iKe^, Itnndng wills liiiseed-itil a soft painl, 
lhal diieH (III ihe Minlnfeitnly and s‘nu l>e peeled niT like thi' .sklntif 
ripe fruil. 

*' t’nlal) sis ” i-s a leiin inimdneed hv Iferxelins. and liy him applied 
tn the (‘hanves ihnS Mivar Muluiinns uiidergu in tise profess of fer- 
inenlalion, and new UMe«l i(» iheeluumes llsut fertain Hulisluin’es, 

by their Inere pleseitee. efleii in ulher luidies wilhoUl (luHllSelve.s 
undergoinff nnv nppureu! eluiiiu**. C'ainlylir nfliou is a pots'Utial 
ageist in the deenv of painl f«iaiiis|pi, and manifessl}' has not rt'fcivfd 
the attention tr"in pain! ehrme-'i ■< and euinjHiimds'rs that its marked 
Hftion on the hie i‘f i» fMjpjju' ttarrunt.-i, 'i*he preHcail ('(Htneiify of 
the inennde';rrnt i--- «lf4h due fo ealnlytie aefton hetweeii 

the finle-nann--* ihai r^»lup«^•i^• fh,- lussUlle tthell eSfited liV (lif foin- 
liienien uf ila' t’;r< In ihi- deu-l««pjnetj| ef flii'* light all of (he rare 
ndsiei.’d M^idr'- and iiie!ah'> and file *»\i.|i“* of the hnser metals, ehro- 
minin, nimnsnu, nifUJi'iine'^r, nirkel. aial iron, wiieis assoeiattnl 

with (holla in ihr Hiantlr, hai»'l«-rii found to ar’t ns ratniytie ageiilH 
to enrr.v, rouden-e. ms ihal tnereiiHes the flame tem- 

peralsire of !lt«- inmiile and e»»ii-»e<|niiiilv iitfre»M*s the light, 'ritis 
flame ti‘Ui|*r! jil ure sis ns.ioe eiiHr’* rr.arhe^* the point wiiefe VolatiU/.U” 
tiois of rsonsi- of lie- ssieiish*. iiisd oxidi’-a eiemeH. C’hareonl, pow- 

tlered I'ho'-*. poj rrluns. It. .nr .ipio . rt a, •=!iil!jyed siuarlx. ]mmit’c*-Hton(‘, 
and uiliei I'on.lie.i nilr.fijsir.-.. «!»• jjIh,. foiiud lo {sri iiH {’litnlytie ageutH 
in eoml.ie-.ii..n, i.n! d** ii..i dr'Hek.p so liigh « flume temperature in 

tlir nuilllle li-i lie- olljef »lB«Ve Hofesl. 

('olnhllHlsoli of iilii, .nsU't! iiUre saa\ l*i" (jltirk isud ii,ttenth‘tl hy a 



cutalytic to kSoihc other suhslaucc. cillu-r in its nwn <‘l;us.s sus a socuIUhI 
inert iniiiorul pigment, nr in llic clu'inical chis.^ nt uxule.s hu\ iin* a h-ad, 
ziiu!, iron, or other metallic base. Iiulividually , limy may be apiiur- 
cntly nnalTected by long exiiosnre to the air wliile in their luoae .state 
or in package's or bulk; but when mixe-d lugether, 1 hey lake np moisi- 
uro or oxyge'ii to a greater or le.sa dt-give, either by abM.rpti.m in 
mass or by (londeiisalioii uiion their .sitrlnees, and eaialytie aetiun 
ensues, dive oil vehicle ami ilrier.s are entalytte ut tlieiuselvi-.s. ami 
wlieii mix(*d with tlu* pigmeiil.s act mule eueiget a ally as taiiiei.s 
of oxygi'U t'veu whi'ii the coating is appari-ntly ihy. In all pignn'ivlH 
and vehicles, tlu' one that, is tin* must retraclury. ur that is tlie inust. 
resistant to oxidation in whalevi'r lurm the oxygen may be preseiiteil, 
is the one tluit acts llu' part of tlie tliuria in the ga-dight mantle, 
becoming tlu' lU'gativi^ or nun-eun.snninble .sidistance, that, thniigh 
excited to tv gnaiti'r a.c.tivity by the preseimi' ul the uth«'r .snhHiuuces 
in the [mint compound, retains its resi.stnnee In a ehange the lunto'sl 
at the expense of the other assoctateil .suhsinnees, rhus far. lamp- 
black and graphite, in their snbdivitled form as pigments, apjiear 
to be the only substances not subject to entalvlie aetiun, ur if it is 
[vresenl it is so wv'uk that the life of (he evmting U nut uiuteriully 
affected from this cau.se.* 

CdtMic. Action of Morlor uium ihiint. 

An examination (11)01) of iron (lour beams taken out after ati 
exposure of about forty yenr.s .showetl tlmf liie beniim urigimdlv 
were [larticularly well painted and laid in n lueutiuu where nulv 
the dry warm almo.spheri' of a reNidetiei' renehed them. 'Fhe paint 
coatings had lu'en thoroughly destruyetl hy the enuHtie aethm of 
the UiiK' mortar u.sed to turn (lit' hriek nrcheH In which the beamn 
wore embedded. t'orroHion was well establisbed in ever\ inch of 
tluar surface. Had any momlure, as in the ease <»r ila* 'l*ime« build- 
ing, reached tlu'in, their condition weuild have been fullv Imd. 

The iron Ik'hiuh su[)por(ing the .Hidewalks hud al»u!t( furtv years 
ago in N(WV York Hlly. that were removed hw the Uapid Trnmdt 
Tunnel work, invuriuhly show deep euiruHiun from ilje di'strneitun 


priiuiDtcr of it, if inoisiurt' or air 


can rcaiih llu* aiui'ucc so covered. 



Ido. liK. -Comwioti of Hitltnvnlk iron hcuuiia. 


nydniulir, tiuit’kliino luortar, only pravont coimMion so far 
an thay an' fna* from inill-.M(’al(‘ and ccjiilinuouHly dry to oxcliulo 
tlu‘ air. Tha paint aoaltniK wlian hnrnnd liy iho aaimiuj action of 
mortar or camant, adtln no nmtarial ]U‘riod to the life of the, iron 
aitd axaapt for nppanrniua' and tirotaelion dnrinp; construction, might 
ht> laft off. (Soa (’Imptar XV.) 

'l‘ha inodarn hoUfJW iil(*H nH(*d for door archas and Indlding partitions 
with lhair advantagaH over brickwork, tlo not ramovo the cause of 
tilt* actrrtmion of any inm that thay may he* in contact with. 

CtypHum, whih* not aattstic, is hytlmmatic, and tha continual pres- 
anaa of moi^turt* is fatal to fc*rric hndiaH; basith's, it is not always 
fr«*t‘ from i'nnstic HubHtntu'«*» davc'lo)u*d in tha calcination of it. 

1’lia folh)VvinK aainant for tha lav('l!ing, bedding, and in contact 
with niatnl work, ih nn'onnnandad. Tha camant hardans like stone, 
is iinparvi«»n» to wniar, and aan Ik* applit'tl by a trowal from a mortar- 
board, over walls or to lay briak wharavar mortar can ba used. It 
b niada fniin marbla dtist (from imirbla sawing or pulvarizing milla) 
mixiHl, vir..: 



UwW JLLXU-UXX OC4/XX\^ XXXiAJXV\^0 vxxv^ 


xjjLUuJJ. ij.jjj.ra buiic JLLUjjaiio bJUt; uaJUxiCDo; 

cement porous. When the mastic is to be used, for every 100 parts 
of such mixture, 7 parts of linseed-oil are required to bring it to a 
good trowel paste. The oil can be either raw or boiled, according 
to the time of drying required. The siufaces to which it is to be applied 
should be dry, clean, and preferably coated with linseed-oil or a good 
carbon paint, before the application of the cement. 

A refined bitmnen coating applied to the bright metal, hot, has 
proven to be the best of coatings for ironwork laid in cement, mortar, 
or concrete, to correct the caustic action of them. 

The metal work of the movable dam at Lake Wennibioskish, 
Minn., constructed in 1899-1900, was cleaned bright by the sand- 
blast and then painted three coats of Edward Smith’s Co.’s Durable 
Paint, applied one week apart, each coating being thoroughly dry 
before the application of the next. Observation of the paint in 
1901 showed that the coatings had been completely killed and ab- 
sorbed wherever the painted metal was embedded in the concrete. 
The metal was as clean as before painting, with a slight discoloration 
of the surface of .the concrete from the paint absorbed. The metal 
exposed, however, did not show the same tendency to rust quickly, 
as before the application of the paint, on the short exposure before 
again being put in place. The surfaces not in contact with concrete 
were in good condition. 



C'HAPTMli XXVIII. 


HAN’I)"ULAHT AND l'l(‘KDlN'(i I’UOCK.SSKW, 

'I'ljK H!Uul-lilnsl IH till' tuoHl HiU isrjict oi’y and HimiiUvsl, method of 
cleuiiinp: all surl'atH'H for imimiiijj;, whether at the ahops or in situ. 



"X 


f'tij, tia. Snml itljHi nppnrnttiM. 

The itivetuinii of ihi. Nniid-hlnat in due to (lenernl Ben]. Tilghman, 
and wnM pateniiHl {h-iolwr IS. tHTO. No. lOS/IOS, Init haa ainoe 
expireil, There are Home pntentH for Hmul-hluHt apimratUB of HubBo* 
(jitetil tlale, iH*^ue«l to other pnrtiw for ttiiprovcMrientB relative, to 
portnlnlilv, eloKnin)^ ,,f ji,,, |jj the eane, ete.,Htill in effect. 

Imk, 4{J hIiowm n jMjrhdde Hand-hlaHt apparatiiH iiBed by Mr. Gen. 
W. (Jlly, (M**,., for elentiing railway viadnetH in the city of Colum- 
buH, t )hio. 

The piiDeipal featuren of the sfiml-hlast conKtHt in tbe iiae of 
eompriiisiMi air at a pnwnre of from 15 to 25 poundH per Bqnaro 
itieh. diMeharaeil through one or more ehilletbiron or hardened-ateel 




pjiiul. c.oaliiigM ar(' gt'iu'mlly thick aiul HDincwhat softened by the 
WiiU'i’, al )out i”„ sc mure foot of metal is clc'aned per niimite, or 4S 
to 01) sciuare lech, pc'r hour. This costs about 3 ccMits jx'r scpiare 
foot of surface', as tlu*. wastci of sjuul is grc'aU'r and tlu' work cannot 
!)(' clone HO advantagc'ously in a dry dock as in a shop, 

t)n Uu' Nc'W \’ork hilevatc'd Hallway Station at Ihhth Street an 
averages of St) sciuarc' fc'c't per hour was niaintainc'd for a numbc'r of 
nioutiiH in removing a hard c.oaliug of old ))ainl and rust to tlu'. bright 
iron. 'I'be. loss of time in changing uokzIc's and shifting scaffolds 
was about one hour per day ))c'i’ nozzle', ''I'hc' labor account was 
ouci man to hold and cUrect c'ach nozzle'; one' man to attend to two 
Hanebboxe's, and oiu' man to clc'un ui) and supply sand for the four 
nozzh'S or seven men pc'C corps the' men shifting tlu'ir scaffolds with- 
out other aid. 'I'lu' four-nozzh' iilant for briilge or viaehut clc'an- 
ing will cle'un about lir){)0 Hepnirc' fcc't of surface' pc'r ('ight-hour day 
at an e'Xpe'nse' etf about $20 ihr all iten s, c'xcc'pt. the' man and coal for 
the' compn'HHor, or 8 cents pe'i* sepiare' foot, whiedi would be* rnodilit'd 
by the amount of cleanitig for each stniclure. 

Hemoval at tlu' shop of miU-scale and dirt is done at the^ rate 
of to 5 sepiare' fe'e't of surface' ix'r minute, tir 270 to 300 sepiare f('(T 
per hour pe'r nozzle', tu* about | ce-nt pe'r sepiare' foot of surfaeu'. With 
an organtze-el corps and plant, the cost of ede'aning surfaces lU'ed ne)t 
exct't'd I ce'ivt jeer sepiare foot of surface, large' or small, or about onee- 
third the hiboru'oHt of the painter on a fimt-clasK e-oat of paint, and 
re-epitrc's about the same tlegrc'c' of Hkilled labor as ])ainting. 

The mi'labwork t»f the' movable' dam at bake Wenmibioskisli, 
Minn., e-re'e-te-d during HKM), was e-leancd liright by an c'Xte'miiorize'd 
Hand-blast. A hoist ing-cngini' run backward furiuslu'd tlu' com- 
pre'ssenl air, an old Hte'um-boiler was usc'd for an air-receivc'r, gas- 
pip(‘ for nozzlt'.s, and gartleii hose for leade-rH, e*tc. 

Mr.W. (’.Weeks, C.K.,* re'ports “that four laborc'rs and one ('Ugine'C'r 
in charge' «*f the ajpairatUH cost fe»r labor $9.22 and $2.50 for fiu'l. On 
general surhice-s. Klsipinre f(*et pc'i- hour were cleaiu'd. using two nozzle's, 


* Hn'ttttf, Muy *1, HWl. 


In a miinlx'r of UuiUHl SiaU'H niivy-ynnls, with wi-ll-i'(iuii)i>t*(l, 
l)Gi’inanout, and fairly porfiad. naiul-hlaMt iilanls, tho cost t»t ('U'aiiini' 
avorafliGS ^ coni pia’ aipuiro font of siirfaci'. lor platoa 1 io<*h 

think is 1)S (K'nts; for i-inrli plati'S, Sl.‘.)5 to S2.(K) per ton. 'I'o 
sand-blast 7-inc.h l-boains W('i/>;liin^ IT.o lumiuls por foot costs 
$1,115 por ton; l2-inc,li l-boains, wt'ip;ld 50 pounds per foot, ciust Si) 
coats i)or ton. 

Tho avorago cost for oli'aninA' plat ('“girder bridges in nil a is proba- 
bly $1.00 i)er ton of nu'tal. Kor trus.s and Inti ice-iron bridges the 
cost of sand-blasting ranges from $1.00 to $1.75 per ton. 

d’iio United Hlal.es Army Unginet'r Corps cleaned 50.(K1() .stpiart' 
f('et of ,sto('l lo(tk"gat(!S and olla'r nietnl on the .Mn.selo Shoals Canal 
during ISOS 00 from a teinpornry Homing plant. 'I'he I’ost of all 
ih'ins, was li ei'iits jx'i* sciuan^ ftxil, and the new eout of paint co.st 
2.SS cents p('r spuare foot. 

Mr. (h'o. W. billy, C.M., reporls the cleaning by .sand bla.st of a 
number of railway bridges and viadnets in the cii>- of Columbus, 
Ohio. ''Pho work was done nnd(*r evceplioiudly adver.si- eirenin 
stances, but indicated that S cent.s per .scpiare fool covoretl all the 
<'.\'p(‘n,ses. hbr (dumiiig a viaduct over ilu' bit lie -Miami H.'iilua\ , 
containing 25, ()()() siptare feet of surface in a conlintnl lociititui whore 
tlu' cleaning was interrupted by tlii' train sorvico flint freiptontly 
amonnU'd to one-fifth of the working laair.'^, the con! uf tho wink. 
including (higman, .sand /ind drying. compre.Nsod air. and all othor 
expi'iisc's, ine.lnding the hibor, Wfis 11,1)1 eonls per .nipiaro font, tin 
tlu^ Ix'st days, in a hivorabh' location nninterrnpted bv the iraim-. 
1227 siptare feet wi'i’e ch'aned per day at a cost of 1,211 renl -4 per 
H((uar(' f(X)t. On a plal(> girder containing 5727 .‘xpiart' fool. th«' 
cost vv!is 2.37 ('.('tits pi't’ Kipuin' foot. 

The presHim' of air ranged from 25 to 3S pnimds. avc'rnging 113 
]X)undH per sipiare inch. The no'/.zles wort* rapidly. 'Phev were 
of §-inch extra heavy wrofiglil-iron gaa-pipc*. nlxntt 2 f(*el long and 
lash'd from 3 to 5 hours each. 

The exiamse of handling Hlniclural metal at the shops after niacldm 
ing pn'paralory to Hand-hlasling it. ranges from -10 rents to %] 50 
per ton according to tlie weight and character of the pieces and faeili- 



A rccogiudou oi (Iki luc.i tluit siructurul .sUvl is a perishable 
material, i'('((uirin^' thorough protc'etion from (‘.orrosion during all 
ilu' stage's ot Us inamirac.ture^ and use', she)ulel be^ reepiircd of every 
eiigiiic'e'r, aiiel the^ subje'eU, shoiilel Ibriu an iini)e)rtai)t part of his edu- 
CiUie)!!. Tlu'i’e^ is ue) part e)! sl.rue'tui'al e'ugiiu'e'riug neu'ding a more 
tlietreeugh re'l’eu'iii in beidi spirit anel jjrae'.tie'.e than tliis e)ne. 

The' appare'iU, iuelilTe're'uea'. re'gareliug the', future fate' e)f steel mate- 
rial, afle'r il. is in le)e'.atie)n, is pre)bal)ly elue ie) the mistaken ecemeany 
ejf the' e'Ugiue'e'i’ e'e)r))S aiiel the' pre)prie'tors, e)n aetcenint of the aeleled 
ee)Ht etf preipe'i’ly e'le'auing the' uu'lal. If e'U'aniug is lU'e'.essary, as eugi- 
lU'e't’S atiel all aeliuil , it slunilel be' spe'e'ifie'el iu (lui eie)iitrae'.(., pre)perly de)ne', 
inspe'cle'el by a. e'eaupe'le'tU. pe't’se)!!, nuel i)aiel fe)!* like' any e)f the', other 
preie'e'sse's, and the' pe'iuilty fe)r its iu)n-rultilme'ut be' a,s striedly enfe)re‘,oel 
as fe)!' !i biully eh'ive'U rivi't eu' ])e)e)rly maehine'd e)r lilting pjirt. '^riic 
abe)Ve' ele'lie-ie'iie'ie's Jire' re’iulily eh'te'e'le'el auel eaui be' euu're'e.te'el, but the 
pe)e)rly e'le'juu'ii surfiu'e' e'sespie's ne)tie'e and is renielily put e)Ut e)f evi- 
de'uee' by the' luuiily pjunt-pot. 

It is the' impe'rative' eluly eif the' e'UgiiU'e'i' iu eharge e)f struetural 
work Ie) rc'epilre' his inspe'cle)!' le) pe'rfe)rm his duty sit all time's se) that 
a raeliesd e*hange' sludl be' hsiel fresm the' jsre'se'nt isrsu'tle'e' e)f e.le'atiing 
auel psiinting fe-rric tne'lal, the* eorre)sie)U e)f which is iieuv teu) niueh in 
evieh'Uee'. 

At a late' me'e'tiug esf siu {'ngine'C'ring sescii'ty, the' i)re)te'ctie)U of 
ft'rrie' Hlruelure's fi’e)m e'esri'cislon was uneh'r eonsielt'ralie)U by esrtil 
eliseussie)!! siud ee)rrespe)ude'm*e. The' e'h'tuiing esf tlu' surface e)f stee'l 
te) the' abseihtlely e'le'siti uu'tsil by seeuie' me'lheiel, pre'liminsiry to the 
iunue'eliate' paiuliug of it uneh'r e-eeve'i*, was unejualifieelly eiielesrse'd. 
And ye*! within the limits e)f a te-n-mile' circle' fresm the engine'ers’ 
nu'e'ting llu're we*r(' nuiny thonsauels of tesns eef fe'crie- structursil mak'- 
risd in preie'ess of e'cecliem by the (‘iigine'e'i's re'pre'He'Ute'd at the nu'cting, 
anel scarcely n ton of this materuil hael re'ceivoel any other cleaning 
thjin that fresm a ]mlty knife' or a wlusk-bre)e)tn. Tlu^ eiuality of the 
applied itainl in many case's was as deficne'Ut as the ch'aning. So 
much for the'firy rrr«/s practice', 

rickling the' nu'tnl instennl eif sanel-blasting it is more practised 
bv Ihirope'an than Anierieain engine'e'rs, e'spe'cially for stnictural work. 
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arci roooniiiiciuU'd. Tlu\y ar('. ('(|uully as safi' lo liaialli' aiul shduhl 
bo applied hot if possibh'; (.Ik; latU'i’ (luality is host for roiiiovin^' ili(> 
scale. 

In forei^j;u navy-yards, 9 to 10 ])or cent hot solid i( ms are used, 
the metal romainiiif;- in the bat.h fivi' or mon' hours, aeeording (o (he 
quality of the scale. This r('((uires a larjiie picklinj^; plant and has no 
other advantap;('S. Wlu'H ai)])earanc{' or les( shows (he scale is loos- 
eiied, the metal is removi'd and wi'll washed by a copious and strong 
jet of water mulin’ 75 jionnds or more pressure. 

Soaking the mid.al in liatlis of slill or ligid. running wnler does 
not thoroughly reinovi' tlie. acid. The sdll-wuler bnlh Is (he cause 
of the failure of tin-plate. 

Pickled metal is liable to bi'conu* coali'd with a tough, gummy 
subst.auce, (|uite dillicult to remove, except, by the friction from a 
strong jet of water. Ar.senic. in tlu' sulphuric acid made from pyrites 
also adds to the gummy di'posil precifiilaled on the inelnl. .Acid 
free from arsi'nic. .should be spi'cilied for the pickle. 'The gummy 
(h'posit prevents the paint from bonding to the metal, rendering it 
liable to pei'l. 

After till' nu'tal has been wnslu'd by the jet of hot or cold water 
it should be immersed in a bath of hot linii'-wntin’ and !»e left in it 
long enough to reach tlu' temju'raturi' of the bath, in order to neu- 
tralize any of the acid not nmiovi'd by (he water jet. It is then 
removed and dried, preferably in an oven. 'I'lie coaling of lime left 
upon the metal can be easily brushed o(T. leaving (he metal clean and 
bright, which will show ('vidences of rust in an hour If not painted 
imnu'.diati'ly. 

Muriatic acid is sometinu's tisi'd in place of sulphuric acid for the 
pickle. It is not as effective as .sulphuric acid, it cost.-s mon*, ami tin* 
gummy coating foruu'd by (h(> pickle is more didtcull (o remove*, 
reupiiring a hot alkaline or caustic-soda hath, instead of lime, to re^move 
it, A solution of sulphate of zinc is elTectivt* for tlu* removal e>f fhi^ 
gummy coating. 

Obviously a nicklitir’ nlant re'tiuires a hirwr Koaee hir un l•o 1 I«d 



UAkiOLlNE PROCESS FOR CLEANING METAL. 
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cUuuuTig l)aths, and ovcais, will bo from 50 cents to $2.00 per ton, 
or ratlu'r more than is r<'([uir(Hl for a sand-blast, as the several pieces, 
though of tlu^ same weight and character, have to be moved more 
fre(pU'idJy. 

SU'c'ls liigh in e.arbon, or e.ast-irou articles, are diflieiilt to pickle, 
as a film of graphitic carbon forms on tlie surface of tlie metal, which 
mixt's witli the gummy deposit from the acid bath, and rccpiires 
considerabh' labor and care to rt'inove. 

Wlu'ii Itu' sand-blast or pidding process is not available, mill- 
scale, rust, and old |)aint coalings ani r('mov('d from works in situ, 
by the gasolines burning tordi, followc'd closely by the scraper and wire 
brush. 

The cost of tlu' burning process is so closdy connected with the 
piunU‘r’s labor as to Ix' difFundt of S('paration, but a (piart-burning 
torch will burn hours, and one man can saturatr^ rust-spotB and 
burn off from SO to 100 sciuare hx't of surface p('r hour, at a coat of 
A h‘ A ct'Ut ])er H(iuari‘ footof surfact', Icxiving it ready for the painter. 

A nuah'rn parlor, or shx'ping-car, (15 to 70 feeli long, reciuircs three 
gallons of gasoliiu’ lo burn ofT tlu' oiUsidv paint coating, and about 
four days of lime, for oiU' man lo uh(' llu' torch, followed by two men 
I wo days eadp lo sandpaix'r rcauly for the painter, or a total cost of 
45 ('('iitH for the gasorun*, and $15.00 for the labor, or to 1 cent 
pc'rsquari' fool of surfacf', 

Carv is lanjuirc'd in the uh(' of gasoliiU', dtluM* for the. torch, or for 
snluraruig tin* «>ld paint, as ('xplosions .ainl serious burning of the 
workmen, and fires, are frefjuenl. Insurnncc' com])anies forbid the 
use of eillu'r the' torch or fluid for the removal of ])amt or mat in any 
buililing covered by their polidt'S. 

Any material (hat can be inelosed in a chamber or iron casing 
anil subjected lo the aetioii of a bath of low-pri'Hsure ateani for 20 
to 25 miuuli'H will have the old coalings softeiunl, when they can bo 
easily HcraiJeil off. 'rids is to bi* followed by a thorough washing 
with soap and water, and rinsing, A jiair of loeomoUve driving- 
whei'ls requirtnl HO minutes to scraju' anti wash after stt'aming. The 


pounds of nicltod liuuulry or soil soap. llio two nuxturcs ailtU'd 
together, wlu'u cold, should Ix' of flu? consistency ol putty. It is 
a])plied by a Irowt'l or slilT •l-incli (lal brush in successivt' coals nhoiii 
•J- to 1 inch thick. (laiH; must Ix' us('il in mixing tlx' lime. .V stirring- 
paddle should be left in tlu'. tub to form a vc'iil to prevent the ixiusiic 
mixture from blowing out. 

The cost to remov(‘ tlu' paint from a pair of hu-omoiive driving- 
Avlux'ls })y tliis mi.xturi' is (55 c{'n!s foi' mafi'rial and b") lamrs of labor 
at $2.25, or a total of $2.00. ('an'ful washing with hot w.-ilca’ to remove 
all traci^s of the caustic-soda jiastt* is najuired, as for all strong alka- 
line mi.xturc'S. 

Wixxlen surface's treated with catistic-.soda ctanpounds to nanovi* 
]minb or varnish an^ injure'd by tlx' raising of the grain of (la* wood, 
which cannot be ri'store'd by sand-paj>ering. 'riu* part S St ) li'ealt'd 
show sixvtted; eve'ii a slaining-coat will not cover them uniformly, 
h'ine woods are injured the worst. 
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KKUUK'-P.MNT TIWTS. 

OiUKCTioN M mado by solium (‘Uji^hu'orH and paint manufacturers 
in th(* iinnu'rsinn nuMhods of U'Htiuji: paints; that they do not moot 
tlu' actual conditinuH of coatings (!xpos('d to weather; that a ferric 
structure is not always wed., but wet and dry, with more dry hours 
than w<'t, etc. IIuh would depend altog('th(>r upon the location of 
tlu' Htructurts in many instance's there might be more wet or damp 
hours than tlry ernes. A fejg or lejug-cnntiuuc'el sweat is more destruc- 
tive' te) a i)aint e-oating than a passing sleenn. Jhit the plain fact 
re'innins that tlu'se* Ii'sIh are all ceimpetilive as be'twc'en different 
eeinmu're'ial paints, aiul uueler unifeirm conditiejiis. The trial given 
one' paint is given to jdl ; the few snccessful ones are the better ones 
to sele'et from to base* any Kubseeiuent impretve'nieats or experiments 
upem, eir for use'. 'Phe' wate'i’-te'st settle's the merited a protective coat- 
ing in short eirdew, and so seieni ns geiu'rally adopteel by those ordering 
paints for the protee'tion of ferrie’ slrne’tnre's exi'OBed to weather, so 
Hoem will the* gre'at mnjtu’ity ed the*se j)atent. paint eeimpeeniulH ccaso 
tee ve'X the' e'liginee'i' with high cliiimH anel letw perfeirnuUH'C. 

'Phe ne'iire'i* einy preUee'tlve' eeaiting nppre>ximal(!H an emunel or var- 
nish, gc'ne'rally the more' durable* it will be*, d'be* Japanese and ('liineso 
lue'eiuers arc* varnishes, nuel elry bette'r by the* application of water 
than in dry air altme, anel all eunipenmdeHl veirnishes are harde'Ued in 
the last stages tif fiu'ir drying l>y water. Lae(|nc*ra when thoroughly 
dry rtsmuiu imchangeHl for Kee)r(*s of ye*am, when exposed to fresh or 
salt water c'ither hot eu* eedd or alle'rnately wet and dry, or immersed 
few yearn. 'Plu^ coming ferric prole'ctive coating will jirohably be a true 



Tests of Twcntitsvi'cn I'Jtmlish Coininnruil Firrir Faititn. 

In a jiapor*** rt'ud In'fori' (lu- Xt'WcuN!!<‘. luifda!!'!. .Mn-tiou of tlu* 
S{)cuvl,y of (lUoiincal liulu.slry, Mr. llniry Stniili, I'.l.C.. tloMTilitnl 
a sovios of ('XiK'i’inu'nUs tipun llu> lirotfctivc pouor.H of twrttiy .soven 
diffon'iii. English coiuincrclul imintM, ns n|tjili(‘d lo ironwork in fifty 
H('))ara(.(! iiusltunu'-^^. 'I'lx' tnollioilr^ f»f won- tho^r drvi.Hcd and 
('uiploycd Ity Mr. Mti.v doll/,, I',., in a M.j'ic’N of I'Xpi'I ilnt’lll:. upon II 
innnbor of AnK'ric.au cuiiintorrial protcoiivo conlinr'-. for non in |.SU7.| 
'■phri'o ni'lK of bright and clt'au iron plnlcN, all of the -.uiuo fu/.f, worn 
ri'spoctivi'ly ronlod wilh iho sovt-nd paintN. in nil raM-, fui niNhfd ns a 
atiff paalo, and wlion appliftl, won* brought to the ooUM-Urnoy of a 
paint l\y mixing wilh gonuino boilod lin^ood oil. oapnbh- of tlrving 
in seven hours uudrr ordimtrji eoinhiions u/ rnlm • , Ht> llf'il 1‘fi 

being UHech ddie flasl coat wttn tillowod lo th v ihoroughh linn before 
the Kocond ('oating wan tipplied. When thi.** nlno wn"< hnn and hard, 
one Hot of du' plait's was expo.sed (<« the weather, un in oidinars eases 
of painlt'd slnu'lures, d'he other two moI.h were ireaiet! a'> follow, h; 
One Hot was simply to eorroborate the reMibs obtained from the 
othi'r Hi't, the rt'sults being prnetieally ideiitteal in earh en*u*. Maeh 
])aint('tl strij) was plaetnl in a elt*an, wide n*ou5h«*d ghee, iH.ftle, half 
/lilt'd with dean pnrt' wafer. 'I'he ImnleH were not rke.ed. but w»’re 
prolt'ctetl frtiin the enlrnneeof elmU aial iinpurilie-i while idlowiin* flu* 
air frt'e acet'ss (o (hi' paintinl plates. Several of the plaie*. had eoin- 
nienet'tl to c.orrotle in ahmit a week, d'his win* indieufr*l br u elondi- 
nt'HH in the water, whieh afterwanl lieeaine i'unher o\idi/ed. and 
formetl a retl prt'eipitnte tif ferrie oxide, wlueh snledded jmitlv to the 
hotttmi t>f the vi'.-^si'h After three niuntled e\jH.«nte itu* jdaten were 
removeil, anil tlu* litpiiil in eueh lauile, logefher wiih ih, linirnf . 

was It'Hli'tl for the pt'reeirtage td iron presenf in the b.iin ,,i m,! 

The (iguri* givt'ii a.s deiioling tlu* amoimf of eos i'-i Ir-tH than 

the ae-tual anuaint, as it tloes not iuehide tlie |«o!ii.-n thal ndheted 
to tlui plate, anil was tint Herapisl or briiftlied off, and would not dtuiii 
off. In eaeh east' the weight of rtmt wie* ealml.aied to iHuind*-, of ni'^t 
per 1500 si|nari' yurd.s of paititi**! snifare; ihe oihei figures give ihi* 
jiertu'Uluge eonipoHition of the.Heveial painiH In weight 
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CONDITION AIiTIOU TIIUKIO MONTIIh’ KXl’ORXTHK, 

I*«)UiuIh ol KuhI Iroiu 1500 [ri(iuaro Yards of Surface. 


(\ saiupli’H of nal It'ad alniii', or mixt'd with haryU's 50%; raw oil, 10.00%^N'one.°' 
lied lead. . .‘d'd.OO'^,,; harylcH, OO.OO';,',; toUii, SS.00';o; “ “ 12 00% “ 

'• ■■ .. “ 

H Haiuplt'H zinc nvid(', “ 


Zinc oxide. 
WliiU' lead, 
Wliilt’ lead. 


.5n.7.s; 
50.52' ; 


haryii's 


Iron oxide 


58., SO';;,; 

“ ..92.1,3';;,; 

(( 

n 

7.87% 

(1 

45,00';;,;. 




1 ().()()';;, 

Trace. 

03.03%',; 

“ .. 90.90'.';,: 

boiled oil, 

9.10% 


92.5(;';;,:. 



(i 

7.4-1% 

76 lbs. 

40.33';,; 

" ..94.1 1';.; 

u 

(t 

5.89% 

80 “ 

42.10';,: 

" ..92.02';;, 

(( 

tt 

7.38% 

95 “ 

. .83.00';;.; 


u 

it 

1G..10'% 

81 “ 


" “ vcncliaii red. . , 

. . . . 7.55'';, 





Harvtea 

. . . .80.57% ‘ 


..H8.12';;,; 

it 

tt 

Iron oxide, medium eolor (94';;, 





',d 

. . . .80,89':;,; . 

• • 1 


it 

tt 

Iron tixide, exira brighl 

etilnr 





191)';, Ke.O.) 

KL'uri'-;.. 



tt 

ts 

Irtm oxide, oure (90''; I'V.i )d . 70.30' ,’ • . 




a 

" " medium 

12.30' ) 





llaryleH 

. . . .70.22';;, i 


. .88.52';%> 


(t 

Indian red {70'',’, 

82.35' ;,: , 



tt 

(1 

'I’urkev I*ed (95' ;. lu’^tl,), , 

... .81,10' . 



tt 

tt 

Iron oxide 

. . , .27.1)3' ; } 





HarvleKund ealeium <’arl tonal e. 02.52', ;, ) 


. . 89.55'';, ; 


tt 

HaryleM (nalnral Imrium 

aul- 





jtliale) 

, . . .88.00'';,; , 



tt 

tt 

Irttii ttxitle, Venetian retl. . , 

, ... 8.47'; ) 

tt 


(t 

({ 


HnrvleH ami ealeium carl>onnte.7S.S'0f‘(, ) 
Iron oxitlt*. ... Id.O.’l' i 

llarytcNniul calcium I'lirltonate. 00.00' ,' 
llime|iink (pHncipnlty lmrvte»l , ) 

Harylea and cnlcium cuHtotmte.KO.OO' ,*, \ 
('(‘leMlial Idue .... I l.HO' ,'. J 

HarvtcH and calcium carlainate.dK.oi)' ,' 

Ivory ami carlmn Idnek S.fi' i 

MntiKanewe dioxide. ...... 2.10'',' 

llarvO'M and calcium earl tonal e.TO.OO'',' x 


ll.SS'% 123 
13.1 1% 134 


17.05% 137 
23.70% 100 


11.48% 244 


17.06% 227 “ 
1H..S4'% 202 “ 


10.65';^ 308 “ 


12.00%, 156 
12.73%, IIH 


.80.07'; 


" '• 12.I4%V242 " 
" *' 7.01% 200 " 

. 79.87%, ; ImiUHl oil, 20. 13%', 362 “ 


,92.39'; 



inixcul with wlcstial hluc, Ih'ussiaii blue. ('lir<ina‘"ycll(!\\ , raw .sii'inui, 
Vniul3dc(! brown, lluliaii ochre, Bi'iinswick aral udicr Kiccna, clir<iiiiai(‘ 
of haul, lOiiglish umber, 'rurlun- umber, uliraimnine, Cliitu-.se bliu». 
burnt Hienua, mixi'd with raw oil in {iroiuirtintiN I'lniu U pt-r <’i-n! in 
5 L per ccmt of tlui W(’i^lit of ihe paitU ; Ihe enrnt.Hitm in llie nnler 
nanu'cL above ran from lUS poumlh to 1 11 pnuml.H pi-r bhlK) Ntjnarc' 
yards of surface'. 

ICxeu'pt in tlu' ease' of (lie blucN, umbeis, .•'.iennuN, *-le.. wlna’j' llu> 
])igment had but little itifluenec tm (he (u! t<t |•e^i^^ tleeuy beyoial 
that inhere'Ut in (he oil alotu’, (he nun'e aeparale MibrUiuiee.s dial 
entered itd.o the. eomposidon of (he pi|.uiieii(, die mnte unreliable it- 
became. A sinjfh' exet'plion is noted in (he ea.-^e of a \enetinn red 
paint, made from barylfv, eah’ium carbon, -Ue. and a simdl .’unouni of 
iron oxich', that f^ave a betler reMtb than b;n\te.‘. .-dune, or uheu 
barytes was inixi'd with du' other color pimnenis of mueh le^s NpeeilU* 
gravity. S('Vt'nd sitbslanees in a eou.pofdie paint are yenerallv fatal 
to its jiroteedve qualities, no maflm’ (o what it i*. ;ipplied. Tin* 
several alomsnf diese substances, even if unifoiiuK di^tiibuled in tin* 
Itigment in Ihe prnee.ss of gritidiug. bolting, !Uu! \t i\inr ilmt ihe\ are 
uol), will not relain Iheir jtixtapoNition when nd\ed with the oil, 
'The heavy alonis will .sink, fuai there uil! be a luatketi diffeietiee in 
the coaling spread from the toji of the pidni in the pot from that in 
th(' middle or holloin; die hahle^t and inoHt priblmbte Mi!»-ianees 
will g('t on lilt' Httrfaee 111'.*^ 

Haryles workcal well with red lead atid /ine o\ide. thme beim* but 
a siutdl dirfi'i’c'nee in Iheir speeilie gravities aN roinpaird wsdi baiUes 
and Ihe other eolor i.r hnse piginein.'s Uish ttlnie lead, an the jiei 
eentage of haryte.s was inereaseil. so W'As^ die roijM'doIt. A'dde from 
th(' rediielion in eosi of diene lead and yinr pieuirii}'. bt fhr addition of 
liarytes, tlu're is no reason for iin unr. a*, ilie barUr-. aloia- did not 
give a .sulisfaelory lesl. .No douiu from die • plmfeu rhauuirr of 
its atoms, as hn.M been before eonuneiited npou. ii j-. wlndlr de.'iiiinte 
of eovering or coloring power. The vagarie*. of she umh o\i.|e p.ainfa 
in lh(‘ varying proporlions of die pigineni and .a! .ue o-.iir, al.le, but 
lUil so marked ns where liarvle.s. one of tfie In-aviem ,.! all pigments, 
and ealeuun earhonab’, one of die ligfite'U. Imih eho’etl >0! inert 
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superior to raw oil us a vc'hiclo for the several iron-oxide paints in the 
ratio of one to lU'urly live. 

Dish-tests of Paints. 

A Hc'cond HorioH of experiiuoiilH were made by the same experi- 
moiil('r, and followinji; the luethod of Mr. Max Toltz, C.E., to wit: 
A iiuiuIkm’ of iron dislu's livi' iuelies in diameter and one-half inch deep 
were se.«)iired brij^lil, and tlu'ii coattul with two coats of the several 
paints \ts(>d upon tiu' a!»ov<'-detailed iron plaU^s and under tlie same 
conditions us to thes composition and drying of the paints. These 
shallow dislu's wtan^ lilled with wn,ter and allowed to completely 
('vaporal(' in lh(‘ optai air of tlu^ laboratory. This operation wUkS 
rep('ated six times in tlui eourst' of si.v months. Tims tc'sb'd, the only 
paints whicii n'lnained practically unalTected wc're n'd-lead and 
orangc’leail paints, .some of which, howi'vc'r, such as the “vermilion- 
ette" and scarlet-reil paints, c(tntaincd a’ so a ])roportion of aniline 
colors, while two of tin* iv'd-h'ad ladiits contaiiU'd in the one c!as<‘ 
•in [ler cent of barytes and in Ihi' otlu'r 0(1 pc'r ct'Ut. All the other 
ilislu's W(‘n' mori' or less rusted, the order of merit of the better paints 
being as fnllows; 

Ist. Zinc o\itU'. 

2d. I'l((nnl parts >:inc whip' and barytes. 

3d. Zinc wliite, 3 ptirts; barytes, 7 ])tirla. 

•1th. lathopoue (a miNLtttre «)f iiinc. .sulphate, mo oxide, and barytes). 

fnh, Pure white lead. 

(llh. White lead, 3.37 parts; barytc'S, 4.03 parte. 

7th. White leail. o. Do parts; barytes, 4.21 parts. 

All the other paints, thirty-six in number, proved inefficient. 
3'he {ir.st to show rust was that one ]mint(Hl simply with linseed-oil. 
3'he above cl.asMilicn! ion of mi'rit is by Mr, Smith, and, taken together 
with the «hiail<Ml report of the glass-hoitlt' test (before givcai), may 
be cotisiih’red a fair representation of the iiroteetive qnalitic'S of the 
huudnHis of commercial f(*rric jiaints foisted upon tin* market under 
variiniH tradt'-mnrk names in tin* Thiiled States as well as in England, 
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or even a wooden one. The dlsli-tcsl, pniltably, is ilu' nf>nr«'st to the 
actual condition wliieh a luiint. imisl wiih.siaiul. Wlim tlu' \vali>r 
in tlic diali is nearly evapornital, (here remains in tlm finaitar seam 
of the bottom a film ol walt'r which cnnlaiiis ihc carlitmic acid and 
the decoin])()shig jiiaseH and dirt, fi'tini llm aminsplnTt*. which act 
upon the paint in unch a way lluU the ctialinu ai dial part is .sikus 
porineated and runt forniH. d'liiH action i.s inure and more tleveloped 
after each evaporation, and practically covers ihe whole dish in a 
short time. In actual nervici’ (he same ihini^ will happen. 'The 
corner of the diah fmdH ilH counterpart in every c-onier of' a fiiric 
structure where two plait's, ani^le.s, or other part.s join. Rust will 
connncuce at thoH(^ st'ams and eMeml under (he paint, but v\ii! not 
show as plainly on a hridjJte-truHs as on the funall di-'h. 

ToUz’s Ti'sIm (if Anuricdn ('nminviTiul T'tirir Paiiita, 

The shallow-dish teHts by Mr. .Max 'I’nllx., ('.M. (lu'fore referretl tti), 
wore made jirior and during l.si)7, nml exfendetl tiver a periml of 
from six months to two yt'ar.s, Withmit entering into ns great ileiuil 
as that (juoted from I’rofi'Hsor Smith, the deilucliouM from his (omi.s 
are in bric'f. 'rwi'iity-l w*o different painl.H wen* snbmif t<‘d to te.st 
under the following clnssilication: 

No. 1. True, asphaltic varnish pnlntH eom}vu!nded by bent in the 
same manner us a liluek baki'd japan, and praidtenlly of dm .%*ina* 
nature aiul comimrablo (lu'rewith. No eorro.Hion reported after the 
dishes liad bec'U filled aiu I {‘vapm’alett naturally foiiiiin'ii times. 

No. 2. So-called asphaltic vnrnishej-i, or pnititn of inferior qunlitieH 
to the ul)oV(' No. I, made from nsphnltum diwolvetl in lH*n/.ine or 
other volatile vehieh', hut urrt luit a (riir vitruinh. 'rimy euniniiUHl 
about 43.5 ])or cent of vehicle and 5(1.5 per cent reported tii be hh- 
phaltnm. As a ruh' they showed well hi the bi'ginning. bn! after the 
volatiles had evafiorated, especially when Hnbje«*(«*d to a moderate 
heat-test, the coalings became rpiite briiil»\ were easilv removed 
by abrasion, and dM not ])roteet the Kurfm*** imverejl with them. 
Their comnosilion varied in the Htwernl sneeimens tesfed. t hie samnle 


J/I ^ IV X M <tiui uik: lAiiiJLjliiiauli; WJlUi 1>U. X, UU 

winch lh('y ai’c (itmtiy niulcHl. i'hc diaU painted with only one 
(',ont slu)VV('d a lillh' dciiaiorution at (he ('ud of tlu^ foiirteeuth cvapo- 
rul'uui, wiilU' Uu' dislu's painU'd two coats wen' uuinjnred, the coating 
Vx'ing as tiuHtic and tough as when first ai)])lied. 

No. '1. Iron-oxide painlH consisting of nun-e or less iron oxide 
with more' or h'ss silicions nialter, and c.onujonnds of lime; and inag- 
iK'sia, 'riu'V wi'H' of (lifTerc'iit grath'S and (Hialitit's, were as a rule 
well ground and spread W('ll. I'luh'r (.{'st on llu' dislu's painted with 
otUM'.oal, after tlu' fifth ('Xposuro many rust-spots apinaired. Those 
j>ain(,eil two coals W('rc' rc'filled six (inuis, and on them the rust was 
plainly .disc('i*nihle to tlu' ('ye. 

No. r>. draphih' jaunts and Hilica-graidnlc' (!om])oim(ls. Tlu'se 
paints wer(' received from llu' H(‘Vertd mamifaclui'ers in the form 
of a slifT pash', and wln'ii ndx('d, iX'ady to apply, parts of jmste 
to purls, liy wc'ight, (»f boilt'd lins('('d-oil wc'ix' used. The dislu'S 
painled with oiu' coat wc'ix' ('vaporah'd leu liumB. After the fifth 
(‘vaporalion a ft'W spc'cks of rust W('r(' noticc'ubh', and the munber 
gradually inert'ust'd nfh'r ('ueh sueei’ssiva' evajioration. Aftc'r the 
(('Ulli t'xposuia' soiiu' slight difTen'Ucc' Ix'twc't'U tlu'in was nolit'eable, 
1ml no! inueh. Tht' dishes painled iu'o caaln W('re (*xpoaed thirtc'cn 
tinu'H in tW(» y('ars, and iioiu' of llu'in HhoW('d any rust or indication 
of rush 'rb(‘ natural toiigbnesH and ('laslieily of the paint still 
remaitu'd. 

It will be nolf'd (hat Ibert' is a with' dlHercpatU'y in the results 
of Ihe dish"l('St of Mr. d'olu, as above, of the graphite paints, both 
tht- tjnhjrnl nmorplious pigmenis and the compounch'd ailiea-grapbito 
liigineut.s, and tlu* plah^-lest given by IToft'Ssor Smith of pure (lake- 
fp^nphilr mixc'd wilb raw Uimtrtlml lhat gave 215 iKumds of corrosion 
to 1500 H(|nare yards. This, ntj (hmbt, is diu' to llu' n'lielleiit nature 
of the ptire flakt-graphite'; the lagnu'ut dtu'S not take kindly to the oil, 
anv morr' than soapstone* does. Raw oil, ('V('n if jmre, contains from 
5 t<» 7 p(‘r cj'td of wat('r, that rendc'i's n eondiination of the graphite 
and oil (pdte nncertnin nnkw under the influence of luait. The boiled- 
oil vc'hiclt* with pure* flnkr*-|rrnphite. tistsl by Professor Rpcnnrath in 
his ('XjH'rimentH flu're'afler reff'rrtnl to) with paint-skins detached 

vvtiKwtfVful fin cxnomiro in a mire water-bath 


lor mosti pamxs over raw on is susxameu m unese eAjjeiimeiiLo, ao au lo 
in daily practice elsewhere. 


United States Navy-yard Paint Tests. 

The result of these tests corroborate the series of tests made by 
order of the Secretary of the United States Navy in 1884^5.* By 
request, sixty paint firms submitted seventy-five different paints for 
test, which were applied to five hundred test-plates, and then im- 
mersed in sea-water at four navy-yards, and upon one government, 
vessel in service. The paints that successfully withstood the test 
and received an order of merit, were red lead, zinc oxide, carbon, and 
graphite compounds. The so-called asphaltum paints were at the 
bottom of the fist in the no-merit column. Evidently there has been 
slight improvement, if any, in this class of paints since the date of 
the U. S. Navy tests to the present time, and one can but wonder, 
in the face of repeated and recorded failures, that they ever receive 
an application to a ferric structure, ashore or afloat. Lead, zinc, 
carbon, and graphite compounds maintain their supremacy for gov- 
ernment work. In other tests of commercial and special paints, 
where the tests have been carried to the destruction of the coating 
as a whole, the partial destruction of the vehicle was generally fol- 
lowed by the disintegration of the weaker substances comprising 
the pigment, such as the carbonate and sulphate of lime, asphaltum, 
iron oxide, and the various color pigments, viz., the ochres, umbers, 
blues, greens, carmines, yellows, etc. The only pigments practically 
unaffected by the destructive element Avere the graphites, the silica, 
barytes, slag, slate, and brickdust.- Other adulterants were but little 
affected, some of them being partly recoverable, which was also the 
case with the red lead, white lead, and zinc-oxide pigments. 

Commercial Coal-tar Paints. 

Fourteen commercial paints, prinwpally of the coal-tar and asphalt 
class, were tested under uniform conditions, viz; Wrought-iron 
plates, free from mill-scale, were coated AAuth two coats each of the 
following paints. All of the coatings were perfectly dry before the 
second coat was applied. When the second coats were dry and 



bustion gases from locomotives and coke ovens reached them freely 
at all times, this exposure being similar in all respects to that of rail- 
way-bridge paints.* 

No. 1. Carbonizing coating (Cohen Mfg. Co.). 

Physical properties . — Very black, good body, spread weU, and 
covered a large surface, coating smooth. 

Drying properties. — Poor. 

After 24 hours, wet. 

“ 48 ‘ ‘ quite wet. 

“ 72 ‘ ' slightly wet. 

‘ ‘ 96 “ dry. 

Physical test . — ^In sea-water, much rusted and blistered, paint 
easily rubbed off, and in bad condition. Atmospheric exposure, 
condition of coating, fair. 


No, 2. Durable metal coating (Edward Smith & Co.), 

Physical properties . — Brownish color, thin and required a large 
quantity to cover; adhered poorly; coating thin and uneven. 
Composition. — Linseed-oil, asphaltum, and kauri-gum 
Drying qualities . — Dried slowly. 

After 24 hours, wet. 

‘ ‘ 48 “ tachy. 

“ 72 '' slightly tachy. 

‘ ‘ 96 “ dry. 

Second coat dry in 7 days. 

Physical tests.— In sea-water, much rusted, peeled off easily, 
and blistered. 

Atmospheric exposure . — Rusted badly on edges of the plate. 


No. 3. Turpentine asphaltum (C. A. Reeves & Co.). 

Physical properties . — Coating thick and uneven; required a 
large amount to cover. Spread poorly; adhered well. 


FI':h'h’I('~PMNT V’A’.S'/’.S*. 


28cS 

Bryimj propcrlics.- 

AfU'r 2'1 hdiirs, <|uit(> \V(‘(. 

“ -is “ tat'liy. 

" 72 “ ahiuisi dry. 

S-l “ dry. 

Physical test.— In H(‘a”Wnl.(M’, iimch rusted, jiaini {leeh'd ulT 
spots; did not. rub off UH (ainily uh No. 2. Iii t\v«i .spots currus 
lind cuLcn Ihroiiyh llu' plate. 

AUnospturic. cxpoHurc.~~i.\md\\um very Ixul, ruHlod all over, 

No. 4. lUack varnish {IWcn lioofitifi: C'o.). 

(UanposilUni. A cofd-ttir pi'odufl, (’oiifaiucd li^hl oils, iiapbl 
Iciio and aiilhracoiio, not iudicatiug uuich pitoh. 

Physical propcHivs, Very Iluid, gave ji .siuoolh ronliu}^. 

Dryiwj propniics, 

After 2-1 lumiv, \V('t. 

“ 'IS " t|uitovvet. 

“ 72 " .sliglitly wet. 

“ 90 “ dry. 

Physical IcsL. -In Hoa-wator, fairly free fnun rust, hut rout 
was rough and uiu^von, brokcti otT in many pliiro.s. 

Aimosplurlc expasurr. Hustoil liadly almig the 

No. 0. Asphallum paint ((’. K. Mills A (’o.). 

Ponipnsitwn. Asphultum, pt'troleuin, ami Hojm< linsee<b‘oil. 

Physical jwaptrticH, 'riiiakeiiM on exposure to air; iciveiH a th 
iiiK'ven ooat. 

Dryiny propnlics.—Dvy in 00 laau’H. 

Physical test. In WMi-water, nuieh ruKted and idistt'red, la 
])ari of ihe plat.e coating <'nlirely gone. 

A tmnsphmx exposure, -^VhiU\ in vt‘ry bud cmidition. 


AfU'r 2'1 ho lire, sliglitly taoliy. 

“ <h) “ almost dry, 

“ .{S “ “ “ 

“ (K) “ dry. 

I'hjiHicdl led. —In si'a-wati'r, did not blister, rusted considerably, 
])aiut olT in spots. Mot so good coiulitiou as No. 4, but better than 
Nos. 1, 2, 2, and 5, 


No. 7. "/I.” Varnidi. (Mica Hoofing Co.). 

('(iiiiptmilion. AspludUuu, in petrokuuu spirits. 
l^hjiHintl properties. Iduid, spreads wi'll and adlieres well; gave 
a thick coating fairly smooth, smells strongly of petroleum spirits. 
Drijiiuj properties. - 

Aflt'r 24 liours, (piite wet. 

' * 4<S ‘ ‘ slightly taishy. 

“ (K) “ dry. 

Phi/sirnl ted, --In st'a-walx'r, much rusted, not blistered, paint off 
in numerous spots. In bad eondition. 

Atuwsphme. exposure. Badly rusted. 


No. S. Miiurol rubber (Assyrian Asphalt Co.). 

Phnsieal properties. 'I'his paint was so thick and viaenua tliat 
it could not be aiiplied without thinning. Wlien thinned with naphtha 
it tlid not work satisfactorily, atul thi* (‘xperiments with it were aban- 
doned. (See Chapter Xll.) 


No. 9. HUiek roofintj piint (Samuel Cabot). 

(UtmjHmition. Bitch di.Msolvtnl in light petroleum oil. 
l*hnHieol projMrties. Fluid, gave a smooth coating that adhered 
well. Smelt of tar-oil. 

Drijituj prop{riies. ~~\)vUH\ in 56 hours. 

f.r • f i 1 t t „ j 1 t! 
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No. 10. JUdck pitinl ('PhonuiH 

Oo»ipoffiLi())i . A coul-lur puiiit with fi Ik'HVV oil iiu‘u>lruutu. 
Pliyt^U'dl pwpvrUcd. Much likt' No. 0. 

Druhuj proprrUi's. 

Aflor 2-1 hours, wet. 

“ -IS “ tHchy. 

“ lit) “ dry. 

Physical /c.s’/.'{. ™ 1 n Mcn-wnicr, pniul cuiut' i>lT oaHily; tiinuy ru.nt- 

spolH. 

Alinosphcrio c37m?«'c.-~(Mtit!iii()n fairly good. 


No. 11, hHlay cm rn( paint (Harndl Mfg. to,). 

Phynical proprrlivH, A coaNtar puiut, pnuhicing n coating aiiuilnr 
to New. 9 u)\d 10. 

Dryiny propciiics. Dry in 00 liotiiw. 

Plijlfiicdl Icnln. In H<’n“\vnl('r, had Ji tctidcucy to peel ofT; .Mitnc 
rust-spots noticed. 

AliiLOfiplicric exposure. I’lale Imdly rtistcd. 

No. 12. “ Ferrodor'’ (Wui. Soincrvillf's Sidisl. 

PonipoiiHian, tlraphilt', tiirptaiiiiie. oside of irotnntal litiMpi'd-t»il. 
A compound or pate'Ut jiaiut. 

Plijinical jn'opniicH. I'nlor, purplish gray: coating, very thin; 
three' e'.ejats re*e!ommeneled hy the mnnufactui'ea's. 

Ihyiny proprrlicK. Ihw after Is hours. 

PliyHicdl IchIh, In seawvater, pniii! peeled «»1T liadlv, plate*, verv 
uuH'h c.orroele'el, had e>ouditittu gi'iierally. d’he graphite set tied iti 
the' hol.toin ejf the' e'an in a tenacious pasty nuis.s, and the jiaint was 
.Mpre'uel with givat elinie-ulty. 


Ne>. Id. “Anloxidc." Ready mixed jmitU (Harrison 

- .w ) i i 1 I.. I t I. 


^..omposiuaii. luiuu' jroin coai-iur (^S])ocuii. proccBS;. 

Plij/i^i.nil pr(>2>('rtivs.~\)i'('\)A)\iu'k color; Hproad well and adhered 
W('ll, f»:ivin^ a smooth evem coathiji;, I'ather thick; contained 10 per 
cent t’lH'e carbon. 

Druiiifi pmpcrb'c.s. - Dry in ,‘l(l hoiirs. 

PhijHintl /r,s(s. In H<‘a-vvat(!r no corrosion or blistering'; had a 
slight ti'inh'ncy lo peel. 

Aliiiotiphcrir- c.rpo.s( 0 'f. -Plate slightly laistcd; stood the adion 
of coinbnslion gases bel.U'r than any of the olhc'r conpx'titive ■i)aints, 
'riu'i’e was no teiuh'Ucy of tlu' paint to run or crawl when a])])hed to 
any inelallic. siniaci' at ordinary lenip('ratur('. (See "Water-iape 
(balings, (’luipti'r X 1 1.) 

A tiuniber of coinmercial ferric paints W(‘re teslcd (hSOO) by 
Prof. Ira O, Bnkc'r for llu'ir comparalivt' rcsislaiici' io lu'at, sea- 
water, slrain, t'luslicily, the fnnu's of snl])hnric and nitric acids 
also carbonic acid, with the following rt'siills:*** 

'I'lii' sainpli'H of paint nanu'd were' furnished by tlu* inannfac.tnrcrs 
jav III!' purptiHC and ini.xed with linseed-oil as direcletl by them, and 
si)i'ead on clean bright wrouglit-iron lesl-platc's. 

Wf'i«lil nor 

(illlloll. 
tNninilK. 

:ii .72 
21 .21 
I I .21 
\\ . 12 
12 tni 
U.-I 9 
H , fi7 
H.H-I 
t) ri2 
12 01) 
t) (II 
17, (Ht 

A samph' (tf (‘ueh paint in otu' and (wo-coat work was exposed 
to li(*at and tin* prfuhu’ts of com))nstion in the sniok(‘“flue from a 
boiler burning bitumnoiw coal. The' condition of the jjlatcs on 
renit>val was: 

1 Ifuirl.™ Mntirelv dead and very brittle. The powdery resi- 


llow Uficaived rmiii the Maker. 


Dry pignit'iit. 

I’llHiC. 

MiN(‘t( ready for iiao. 
Dry jiigint'Ut. 

Mixed romlv for nso. 

II II ' II II 

Dry pigmt'ni. 

Mixed ready for use, 

ft It tt U 

It ti t( a 

tt t( (( ti 

I’jwtc. 


KrCrratirp 

Niiiiiliar. 


Kiml Ilf naiitl. 


Had land. . 

\N'hi(a lend. ... 

Purpli’ iron oxide. ...... 

(’Imnauoiign iron oxidi'. . 
WilliaiiiHport iron oxitle. , 
Detroit Huperior gnipbit<’, 

Mexican grnjihile 

1 )ixoti*« gntjiliite 

IVmidnd anphall 

IteHnemer puinl 

( 'arlionir.ingeoa dug 

I.itliogen HilienU', 



entirely tloml, luul vt^ry ('usiiy ri'iiinvcn. ir.-uiu\ju mr h-muiu' 
ex{)os(^(l tiui hiise nu'(nl. 

U. Pur|>l(^ ii’on oxide. Cnvereil with Paint Mitt untl 

easily removed. Removal of tlie lilislem s'XjitiM-d the iuiNe tuelal only 
to a sli^ 2 ;ht ('Xlenl. 

4. (Ihatiaiiootta iron oxide. I'oiiNider.’dily MiNlere.l, tuodinutely 
soft, adheriii^i; wc'lL Removing the hltNter> did not r\jHi>e the ha.se 
nu'tal. 

5. Williamsport iron oxide. ('overiHl with hliNier.-, Pain! teini- 
eioiiH, adlu'riiig well. Removing the hlislei^ expo.Hrd the li.a«e metal. 

(}. Superior graphite. Small hli.'^ter.N. Paint hani and dilheiill 
to rtiinovi'. Almiist impoH.sihle to expu.ne the luife ineial. 

7. Mexicali graphite. Soft find refnlily ieii!o\ed, llrimnnl of 
blisters did not exposi' the luise nielfd. 

S. Dixon’s graphite. Very few 1 4 Di {«!'.*■>. Pninl Imtul and \e!v 
adhert'ut. 

!). d’rinidatl fispludt-. Smooth; eon>ideriil'le of tlie paint tnejfed 
and ran o(T. The portion riMiudning wfia hard juid laiiile, 

10. Besst'intM’ paint. Soft and Inird to Memieh olT. 

11. (larboni/.ing coaling. Uidge.'» very eoieipienou .. Paint linn 
and adlu'i'enl. Rcmovfd of bli.Hter.H evhilnted ji i.ei^ pnron'>. loo.^e 
strueturt' of the paint. 

12. Lilhogeii .silicide (while painib SnbHiantijdh the ?»afne a'-« 
tlu' white lead. 

I'llTeet of salt walta*. \ .‘<et of the phiien were expo a-d lo a lalu 
rated solution of sea-stdt (liriiie) for .M-veii weekM. the plnfe'^ bemv 
frt'tiiu'ntly withdrawn and nlloWinl to dry. Thru roudiiion nl the 
end of the exposure was: 

1. Reel haul. Ihirtl and adhering. .\h*!al elean aiel Itriidit under 
the two coats, hut Imdly rusted under tin* ?dnvle eoat 

2. Whitt' letul. Hard and adhering, {‘lean metal imder two 
coats, rust under I he sitigle eoal. 

3. Purple iron oxidt'. Firm aiul adhering, i irmHioind nr«i 

throughout. 

4. Chattanooga irtJii oxide. Pina and ndhermi. \.. nmt nuy- 
whert'. 


1 1 r* 


lUKlc'r (.he HUiglo (‘.oat , noiio uiulcu’ Uvo coats. 

7. M(>.Ki(ian grupliiU'. - I'llastic and (uisily removed. No rust. 

(S. DIkou’s fi:ru|)hit('. "(iood condition. Elasticity only slightly 
impaired. Easily removi'd no rust. 

i). 'I'riuidad asphalt. ScHuningly unaffected. No rust anywhere. 

ID. Hessenu'r painl. Mod('i’at('ly hard, pca'lod off easily, no rust. 

11. (’arhouixing coaling. Peeled off easily. Rust beneath both 
tlu* oiu' and two coals. 

12. Li!hog('n silieab'. 1 lard and adlnavait. No rust-spots. 

No rc'porl. was inacU' of tlu' eondilion of the paints exi)osod to 
alniosph('rie induenees, evicUaUly for the reason that the. ex])osure 
pc'rioil had not Ixs'U long emough to materially affect any of the 
paints win'll the test closed. 

A set of till' plates wi'rt' I'Xposed to the fumes of strong suliihuric-, 
nitrie-.aiid earbonie-ai'id gasi's for llvi' wi'i'ks. The action of the sul- 
pliurou.'^ gas was eharaelt'rixi'd by its bleaching powt'i* upon the paints 
and the disintegrating I'lTecI on the iron under the paint, also the 
fornialioii over the I'tilire area of blisti'rs, undi'r which was found a 
inodi'rati'ly hard whitish deposit. 

'I'lit' order of nu'rit for the sevi'ral paints was; Trinidad asphaltuui, 
Cai'boni/.ing coaling, Dixon’s graphiti', Keil h'ad, Dithogeii silicate, 
Mexican graphite, Purple iron oxide, Superior graphite, Bessemer 
paint, (’hallanooga ii'on oxide, Willianisporl iron oxidi', Whiti’ h'ad. 

'riie I'lTect of the nitric-acid gas was substantially the same as the 
sulpliurous gas, exct'pl that the singlt' coatings of the paints were 
completely destroyed. 'Die ordi'r of nu'rit for the double coatings 
was: 'Prinidad asphaltuni, l/tihogi'n silicati', Hi'd lead, While, lead, 
Purple iron oxide, Supi'i'ior graphite, .Mexican graphite, (hattaiiooga 
iron oxide. Williamsport iron oxide, Dixon graphite, Carbonizing coat- 
ing, He.s.‘<enu'r paint. 

The carbonic-acid gas in large (piantitU's, Hujiplemenled by mois- 
ture, hud only an ahpo.st imperceptible I'lTect upon any of the paints. 

'Po test whetlier any of the paints would crack during the elonga- 
tion of a painted bar, .strips of machine steel IS" were painted 

two coals, and after ilrying for two months were submitted to a strain 
of IPi.DDD pounds per square inch; tlie paint in every case remained 

n I I n on 
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FERRK'-PAIM' TESTS (inhEirS) 


II waH notitu'il tlial after pas.s'ni^. ilie ela.'-ii*' iin it ni tin* 
tile pniutM were marketl hy ii series et' line-' utraneei! m Itmii 
bone paUerus, that were aliki' mi biitli -ale-, ul ilu- bar aii.i a!: 
wtiiateil. lOvhU'iitly the lines wiae due !*> a leanaieeetarii! nf' i 
atoms of the steel burs whih‘ umlei* strain, ilie erniie aimie- [nn\j 
loss fiVH'ly than thosi' ntair the eornets and edn- ei ila- bais. i 
])aint naturally fnllowiip^ tin* partieh-. of -.i,.,*! that »be\ eM\rn 
Naturally tlie lu'avii'r roatiniis of flu' paint-, weif ihr lea-i elasi 
The ordc'i' of merit in the elasiieiiy wa- Tmu.iad a ptn.-dhi 
(tai'boiiizinf!; coalin/,!, Purple iron o\ide, liivmi riafiln!!-, M. \!i 
graphil^t', Superior fjrnphilc', \\'ilIiani>pori iron t'hattanoi 

iron oxide, Jiesseiuer paint, Whit!' lead, He»i lead, l.sfiioreu aln-ait. 


CHAPTER XXX. 


PAINT TESTS ON RAILWAYS. 

New York Elevated Railways. 

The physical condition and the extent of corrosion on all parts 
of these structures have been freely commented upon by the technical 
engineering journals and the daily press. When originally erected, 
no attempt was made to remove the mill-scale, and none has been 
made since, presumably because of the impossibility of its success, 
and the cost. The composition of the paint which has been repeatedly 
applied to them has been kept very uniformly good in quality, but its 
application has been solely for appearance, as no paint can now reach 
the seat of corrosion underlying all the coats of scale, dust, cinders, 
and paint. 

The renewal of the whole structure will probably be necessary in 
less than a hundred years from its erection. 

The composition of the paint used is given by the chief engineer 
as follows: 

For Fifty Gallons op Paint, Olive-drab Color. 


Summer Wiater 

Formula. Formula. 

White lead, Jewett’s best 300 pounds 275 pounds 

Bridgeport zinc oxide, strictly best quality 175 “ 150 “ 

French ochre “ “ “ 100 “ 90 

Prussian blue “ “ “ 1 “ 1 “ 

Lampblack “ “ “ i i “ 


576+ pounds 516i pounds 

The above pigments are ground in Campbell & 

Thayer’s raw linseed-oil. The weights given include 
the necessary oil to grind the pigments to a paste. 


When applied, it was mixed with 

Boiled linseed -oil, Campbell & Thayer’s 8 gall. 9 gall. 

Raw linseed-oil, “ “ “ 15 '' 15 “ 

Spirits of turpentine, first quality 3 “ 3 " 

Liauid or I'apan drier, “ “ 2 “ 3 
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Xt'li’ Vtvk /', 7 rr«!frj| fittiin'ts-if I uiSuti 

Tlu' viiuhu’t uViT tlir »>i jIh- \rw \«»rl^ 

liailwav ill ITjallt Sim'l wtm mjI t-MHirsl. s.-rri%-r«| iruinixitjf* 

paint {’italiuK-"^ at tin* fiuu* •«! iin rirriixij, jmhI inr wnm uf its 

(HUlipU'litlU iliul «!rVriu|«r<il in.HoMlMli !j. nsjrij lUi r\!rii! flijt! j|j Isflj 

tli(' aiuul-bliwt wan 8** rlmii n i-irrpjirai#*! I'..! iisi^.fhrr (-ffort ft(r 
ilM pr*('H{*rvitlitin, i^ajul lilii?*:! pn.rr-y! «••*«?! i nl*».5ii fKi.iMM), i,r uver 

fifltH'iH’C'lita pi<r wjilftri’ ftM»i ajspU , **! iilpsit* m-^rii iinir'4 siuirr* fl»iri a 
propniy wIihHmI hiHIjimI uf jiri*rr4i!ri' f»is4 p»Mii rust in 

tlu* fiwt plans atal thru siiilv ilw flss4 t»r pitrtu 

in xiglit Tf^crivisi lrtnilni«*ist Al»«sti! miiiwrr f*-!*! mf f«tiirfiirr wiw 

c’lcarKHl liy th«» f^and-blji.si . !«» f}n» l»fi|i;|}! rrUjiJijui? mIw.iii j2 tarw 
tif tiltl painl, w’alw nf riwl, ni»«l nn.irrw, a iin»»»l»rr *4 sls»tjiirt 

laycTH nf highly nirrwh'*! mattrr. 

S{*Vt*nU*f*ti plilU'l** *»f Iw-iUJi iyi.| I airk !**•>} slalrw, 

HUpprirtitlg tht" pavwl rarrnntr r4»««Uvin tti»4 f««*tp»!l»s ••vri-hrinl. 
alMHlt 2 H 2 ‘’'» !*«jUlirr ff^*l wntflM’i" r-arlj. n 3 r<l rtarirrtlltvrfy 

1 lt> 17, Wrr<* thru ttllh lli<* -’ninr 3iuSisl»«-r »4 H'lrrlrif pr*»!rr- 

tivc* rnatinp hv is i«i!3sl«-i *4 psysii «* 

with rut'll ttlllrr, Hn* r»*i8!isjr-', «rfr a|.|4u'4 iss nfiirt mil- 

ftirmity t«» tin* tlirwlimp* rr4'r».r4 »}?ls rarls l9inli.| *4 InsHsl, i!sr I»|«|tli- 
ratirli lw’ltigl<» thr sf'»»ss a--* 1*41 lt% flu- >4 ilir iilasi, 

ttlltl wiiltin «l t«» 'I ll»»sir«4 frs'in sisr luisr tin- njiSs.l rra.K*'*! arll««IS. 

Kvrry jutiwthlr «ri'i iir3»si|.*lsi m»1h !«» suuLs* flu- tint 

tmr t»f a pritrliriil iiml rmirtiirmul tajiitur i»,«5 4irH «;■! «4 .nrir-ntjf'tr vahip, 
ali»4iilst{rly williniit pr**i«i4ii*r s«r «j am rr-a|«-r'f I ilti? 

prtsiniiiwirr t»f itir ulrtniijrr' m aii ris|?«M‘'.rii!ai' %irw, sumI sia fiiiwiiliitfi 
rMjMwril ill 1 * 1*14 iiir, rin4»'!r!_ rsin-jyi? nij.i frssfu rtr-urr* 

{»f lortmittlivw in nilifsiiilll H. timth, all >4 «lir inrliil 

bring within a frw fit*! sif llsr ».f rli:t:'ilar' nlfiii-i afs.l frrrHSni-t itir 

prtMllirtu Ilf bliinf iiSfi nt ass ii|s|s!'* .%,8S«filrly 

rloKwl Mtiarr. ilir flltlirt* %ia,« lur a-i an 


[x'rrc'cl condition ol llu‘ coaling.* 


Kind <ir Naiiid cif Ctiiiit. 


I 

d 

o 

2 

head, grapliile and lueol-oil 

AinorphoUH graphite, Detroit (k).- - h.S.O. 
Hed li'ad, aiiltixide, V. and D 



<irnpliit(' (kind not. Htatedi 

ri 

d 

Nol)rae t trade mark') 

(i 

2 

Carbon Hlaek (K. \V. l)('voe A' (’od 

7 

H 

2 

2 

Dnrnliie Metal Coatiiu!; (I'l.Smith’H vuriuHld 
Idnek .Manganeae tir<in paintt 

tl 

u 

Carhoni/.ing Coating (triult* mark) 

to 

d 

Mineral Hnhl)er (no partieiilarH) 

I I 

1 2 

•> 

2 

Hlaek varniMh (eompoHitlon not given). . . 
Cnrhon paint, (no partieulnra) 

Id 

2 

(Jrnphite (Stumlafil Oil Co.). Kind not 
Htnted. * 

II 

ir. 

•> 

““ 

2 

Dixon Co. .siliea graphite, mixed paint,. . 
.Vaphaltnui (California Co, brand) 

Hi 

2 

Huherini* (tnuh' murk), Cotd~(ar eonipo- 
aition, 


dliiclv irmiuotiil (truili* innrk). 


Hiiio of 
Drying. 

rj 

'S o Js 

0 , 
r/) ® 

gS.2 
a aS 
1^1 


£43 Ph 

wrnO 



K 

Medium 

97 

a 

Slow 

<S() 

b 

I'kiHli 

2r) 

c 

Slow 

77) 

d 

M<‘dium 

99 

c 

Slow 

87) 

d 

Slow 

77) 

d 

I'aHt 

dO 

f 

a 

Slow 

HO 

Kaatp 

7H 

g 

Mi'dium 

.IH 

i 

Meiruiin 

t)2 

a 

Medium 

07 

n 

Slow 

70 

d 

V(>ry Slow 

07) 

i 

Medium 

58 

k 

Medium 

70 

1 


II, \'('ry Hull* niHi, I’nuit cnmililcM in placcH hh ihongh. rotten, ICaHily rc- 
tnovi'il. 


h. lojir coutUliim, lint diwolfirt'd ; mat continK tlinmgii. 
r. \‘t'rv liatUy nwteil. 
il, UnMiv, Itul luii (It't'j). 

r. fiiMt on iuj» tlnnge of one girder; ri-at of girder eham. 

/. ItuHt very deep; Iniekle plalen hail. 

f/. Area of riiwi «poia atiudl; ni>it not very deep. 

Ji. Host very l»ad ainl deep, 

j. i)ee|il\ rn«led; liuekle pliileN alill gotal, 

k'. Unni vt^y deep and nngr) ; Imekle plat<'a inilde\V(>d. 

I. Snmll piinpli-a of niaf, m (lunigli foniied under the paint. 


I’juud Xo. 1 wixH an nafnitlr anr, and tlit‘ (imt to lie. sand-blfustcd 
mnl puinlcd. in honu* jnulH with two and in otlu'i>< three coata of 
paint, in tlic clear hot dayn of Hununer, a inalerial advantage in its 
favor, 'riie .‘-and-lduHt wuh tlicn nhifted to the Huulheni end of the 
vindnel ; and paiud No. I7, alno an oiUauU’ o}it', waa tlio next one 
eleancal and nainted in hot elear weatlier, and ho on conHecutively, in 
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the rovci’se onltT itf I he panel nmuheis, liaek Iti .\«i, 1 ; pum‘lH 7 
to 2 IiiLvinp; hoon doiu' la(e in (lie full ninlef iiu!a\ tuulile etanlitinns 
us to the s[)refulin^f niul tlrying nC (he paint in ah.litiun t«i ihi* eiher 
obj('etionnl)Je eomlition.s. Almut M) Mpiaiv teet ni panel Miriaen 
was ch'uned (ic'r luuir, or OltO Mpian* lee! pn winking ila) ; each 
puiu'l reijuhin/;’ froin live In >i\ da^.*' in rlean and 1*010! it. 

Al, tlu' t'lid of about Ji year the enialitinn >•! at! >»! I be paiiitN was so 
iinsatisnictory tluU. (lie viadnei wa.s irpaintnd wjihuiii i'c-inu\ in|,w 
only iti !i perfitnelory ntanner. (he nM !e>i rMatune- uith (heir 
fasi-foriuinji^ burdens of rust; .and this entupetunr ir.-u eanu' to an 
inglorious end. 

'Plu' r('Std( could have been fnreNeeu fi'niu tlie lij- f, brb.ir a 
truss or jaatnd of niaterijil lue! been plaeed in pt*aln'!i, i.r was e\rn 
out of the roiislruct ion shops, ha*i not totnnuerrnd tuee.!, otlu-ial 
iudilTt'reuet' or ignoniui’t*, either *ine or all, ruh'>l ihe unaiti-r 

The de.st rut'lion of the tubular railwa\ brniee o^er ilie >f. ),aw» 
renee River at .Montreid. ('.anad!!, had not ber«*!ne a i.u i .u une iy 
with ag(^ as to have eseapeil ntleuiion eoueerminr ila* «iaueeroiis ell'ei-f 
of hot combustion gases upon any p.aiii! eoafnur in a roniined '•p.ire, 
Corrosion history blindly repe.ated if o-lf when the tiodnet aiaferial 
Wiis first pfiinteil liy the contrnetsfr*., Cien repeated the "(‘i.medy 
of I'lrrors" when il W'as eiaadetl ami acatn wfien it ua -am! bla led 
for its (Inal (iaseo. The pl.ain fart'* «»f Ca* paintsnr alter I’a* ’nu<l 
blast action are, (Inil (la* eont ngs wen* de- iua-.l for an e.iik dr I rue- 
tion from the beginning, by reasot* iliai the fm.! roat w.e^ apphe*! in 
an atinosphert' .satnnited with the lioi vapors «*! rMiidm h.*n and 
steam, whlell Wt'n* so eormsivt* that the fre-ldv ele.me*! 'Uil’ai'e of 
the metal showed a blush of runt wiilnn an la.ur ele.iinniu ami 

if Ic'ft for three honm the rimt eouhl be wipe.l ..IT ihr bund, d'he 
paints were sprefid in (his ntmoHphi«re. an.! l«-|..Je C .-t »-Mid«l in 
tiny nu'tisure dry, so tis in b<* in juiy dearei* le.^i^u un', b e^ were tli»tr“ 
oughly impregmiti'd by tlu* hot guHea and ^leaiu whteh left their I’oU" 
ilensed sln'iigtli upon tiie snrfneeM of the i^reeii paint-:. Hu* N-rnud 
and Hubsetiuent coats were not mdy applied nmU-r the ^ainr almoH» 



A puinl l('sl. (it an ('XtciuU'd cluiraclt'r has bnon in progress for 
llu' past. li‘\v yc'urs liy Mr. (h'o, \\ . Wh'bsU'i’, (M'h,* to dotornuiie 
llio b('sl [ininl.s lor iis(' on IIk' cily s(r('<'t iron bridge's, crossing’ the 
railroads williin (In' cHy limits of Phihuh'ljihia, Pa. 

I'ilty-lour sainplo plates ol iron 12''X2‘1" wc'rc’i coated by twenty- 
two inanni'aetiires of paint, and ('Xposc'd at a number of phu'.es on 
the street viadtiels, in .situations that, were as tu'arly uniform for tlu; 
s('V('ral eoinpetitive coatings ns po.ssible to provide'. 'Tlie test coat- 
ing.s were' changed in their location as e'ircumslance's reapiire'd to 
e'(|uali'/.e tlu' exposure.s, which were' very sc've'rc', the cleairanc.e be'tweon 
the top of the locomotive stacks and the' nu'tal weirk eif the hrielge^s 
being oidy two to three fee*t. 

d'he samples of paiid submitted inchidenl the' most preaniueiit 
jiroprietary paints, including the carlion and graphite classes. 

Tlte resull.s of only a fenv months' fe'st de'inonstnde'd that eni the. 
lower seirface.s of the plates on the bridge' structure nei jiaint was 
able' to resi.st the mechanical injury from t-lie' sand-blast ae'tiem of 
tin* locomotive e\hnu.Hl. 'I’luw' .siluidions are' now prote'cte'el from 
this action li.v weioden .•sheeting a few fe'ct in width on the line eif tlie 
t'xhanst . 

On tlu* upper .'^ide of the tt'st-phde's, subje't't to moisture, com- 
bustion gase.M, and deposits of cinder, the results were more satisfac- 
tory, lail were' not conc!u.’«.ive a.s to the re'lntivc lueril.s of the samples, 
due to tlte dillii’tdly itt comptuisou on tlu' basis of truly identical 
condition.^. 

'rite genenil trend of tlie restdl.H wsts, the Hubs{'((uent se'le'ction of 
certiun of the* proprietary paints for a trial on liridges, ntul eomponent 
purls of bridge", nnder jt general formula, having re'd lead as the 
principal pigment, vi/, : 

Hed lead, tuo eontn over sitop coat of raw linHecd-oil for inclosed 
space of 5^1 met uren. 

Red lead over shoji eoni of raw liuHt'tal-oil and two eojits of white 
lead three ptuin. and /iiie oxide one part, for tht* fu'ld work. 

Indian red. one coat over sitop coat of oil. Red lead, tliird coat. 


♦ ftarf lUm nit *>f Sun»"V«, Pcparttuciil of Puhlio Workw, City of 



Iiuliiiu red, oiu* cdHt nvcr nIh'P ctinl til pti. White lend ihree 
])arls, zinc. <»xid<' one piirl, for held nork. 

'rin.' (Imy'n Kerry deck bridge over the Selunlkill Hiser un-.. in- 
chnltMl in Mu' It'si, being painted with tin* hdlowuii* piunt'-, nil applied 
as a Ill's!, oi shop coat : 

Nobrai^, liieoboil paint, rubber paint, He,H>enier paint . aniovide, 
durable nU'ial eoutillg, reil ieaih Abnve the deek nu tlie -feund full 
coal., red lend wa.s applieil, eseept in one ea*a-. where white lend and 
zinc oxide were used. Below deck, tor the third toll e««at. the .Nutue 
paint was used as for the .■^hop coal, except in one eu'<e wliere vOute 
lead and zinc oxidt' were used for both the ra*ei»nd atid third eua!> 
d'he iibovt' coatings werr* applied in IMUt HHMi, and the time 
since then has Iuh'U ton short to note tiny nuilrrial dithnence in their 
eondiUon. 'Tiie geiu'ral prarlice in painting feme >-.t rnetnre*. hy 
the Hoard of Ihihlie Works of the eity oi I’lidadelpina lor a nuinher of 
years has bet'ii tin* use of red letid ntal luinpldnek for a lir'l nr prtin 
ing coat tU. the shop, follownl hy two eont.'» of the "iune paint in dif 
fert'iit slitules of tdioeidtilt' enlor for the field euat^. though in .'..utne 
cast's white lend and zinc oxide have la-eti the held e(»af» ‘That the 
aluive |)aints have iiai provtn satisfueiiwy m the pie‘>euee of eom 
hustiiin gases tind uther iidlui'iici's incisleni It* their lorafiou e< e\i 
dent from the tihove experiinent.H to eorreet tiieir delirseneie* In 
coniu'etion witli the same nuitter, it nuty he of interest tu m»ie that 
the train-shed roof nf the Broad Street Sialimi of the I’ennsvhanin 
Uailrotul td. Bhiltidelphia, whieh was pninti**! with red lead and lamp 
hliiek, is seriously tUTected hy the eorroi.*ion of the root trmses ‘rim^ 
structure has luid extremely good care ?sinee i{>i eteiuion, hut l•or^^l 
sion has eHtahlished itHelf, owing to the enrlv deem of ilie red lend 
eoatings, and will soon reipiire elenning by tin* ‘and l.lie t Ot rotiret 
the mistake of using rtsl lead for I rain -.shed pninlmg iSee rtiapier 
XXXVl, dhaugeH in Bigmentsd 

InflnnwvH Ihnt d/Jrr/ 

Some of the influences that afTeet the life ol n pansi roaling have 
he<‘U determined hv the* («voi*rioietifM nf t»r..f .t 


niu-. vv, . 1 nr jijHu-M were i,nen ])iac!CHi m a 

diluio solution of Huli)luiric. acid and the zinc dissolved. The ])aint- 
skins \v('i*o then used for testinf!; .by imnK'i’sioii and exposure for 
six inontlm in a nmuber of li(pndK and gases, us follows: 


InuiirrHioii. Tcslu. 

In pure rain-water the skin nanained cohesive, 
even {'lastic. was of dull color, noticeably injured, and 

lost in weigh! 10.4 percent. 

In sea water llu^ skin remaiiu'd uninjun'd in tex- 
ture and lustre, with a snudl loss iti elasticity, ami in 

weigh! 4.52 “ “ 

In a 10 per emit Holulioii of coinnion sal! tlii^ 
skin was lail little alTi'cU'd in lustre and elaslicilv, 

but lost in weight 2.4 “ “ 

In a I!) pm* emit solution of sal-ainnutiiiac the 

skin was umdianged. Lost in widglit 0.5 “ “ 

In a 5 pt*r c('nt Holution of suli>huric acid tlu' skin 

reuiaineil unchanged. Lost in wi'ight l.()5 " “ 

In a t wiMitydnur-hour iumu'rsion in hot wati'r 
100” to 170” l'\ tlu' skin was niati'rially affected in 

l(‘xtur(* and color. host in weight |)..S3 “ “ 

In an aiiueous solution (nlkalint') of minerahcoal 
ashw the skin was mah'rially alTecltul. host in 

weight..,, 14.8 “ ** 

In a I jun* cent solution of soda the skin after 
thn*e days was viviclly alTecteil, Hud after a few days, 
nuire I'xposuri' was d(‘slroyed. 

In a 5 per cent solution of nitric acal the .skin 
was destroy i*d. 


In a It) per mail solution of the chloride of mag- 
ueHiuin tlu* skin was unchangeil, but lost in weight hi “ “ 

/‘Ir/wwarc '/’ruin in ('Imrd ]'chh(Ih. 

Over sen -water for six months the skin was unin- 
jurml in eohw ttr lt*xture, but had bwome Koniewliat 
viseous: no loss in weialit. 
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( )v('r ncitl, imiruitic ncid. iiitris* iifid. 

iUiiiiKiniiu'ul ruiUdt', liiiuid Milpliutc* (t! uuiiiu •isiiiiu, 
ji .solulioii tif gnsi’Dits NulplutriitiH ju'iil nml wiUrr. all 
tlu' skins were' di'sl myt'il in n IVw day**, 

A skill lUlldc friUll rial liaid nild lillM'tnl nil. r\|H*»,rd 
for ror(y-('iM'!d 1 hiUi>! (n nii al inHHjjln-rr «4' ii\drir 
siiljiliidc, liia’Hiia* lilat'k and napdi, «ttdl in hi*«frr. and 
iiirn'ust'd in wcigld , , . . 1 ■> 1“*^' 

'I'lu' cliaii^os Iii’i‘f iuiiifatt'ti r»'lnft’ tu fli«* \«-hir!r. a». iln* 

{fraphilt' pijjmonl was iiasniva' tn tin* atiinn ««f any mC iIh- dr^^inir 
live nfffiils. Wlierever ihe akiiis vmt*’ dr» 4 rMyt'i| «nrrv i4hrr nil. 
pailil cnaliiiK wotiid have hreti liki-uifi* de;4r«i>»*<l. tthiitrvrr j»i|f 
uit'iil- was ill it. Ill tlu* olhrr rim*H where rli»s»Kr;H ii» llie ^rhirk* 
lire iiiilcil, ill!' I'liaii^i* nf llu* skin npjwar's to In* ttladly mdilu* ilml 
which Would liavc tu’citrred had it hmi nUfirhrd »!») Mirfan*, 
O'hi* iirnft'ssor has evidi’iilly found this l*» !«’ the ea.se, JudKiH|» Imin 
soint* of liis notes preerdinK tin* rrcoril of Ids ‘rhere ate 

conuncrcial paints nolahly llumt* niude tuuorphotiH udnctnl 

^^niphitc, tlinl contnininy^ lus.s grnphilii* rnrUon, »isd roiiiluned wiih 
silica and a sniall amount c»r niiiH*ral o\idcw. tlml w*uild hin «• afforded 
a lieller protection to the vehirle than the rlieiinenlh prepared 
graphite used in these eKperiineuts, llie med »if whieli would psolt- 
ulily bar it from forming any part of n pr’oiertivr roi,'rriiiK f»»r 

Sf» Hiirath'n Tt-mfuniiurf 

A uimilier of uraphift* paint-skins of the »aiue rliaratier m ihone 
Used ill the aliove immersion imd e\|Mwiire tests ; idmt, iwine three 
coaled skins madi* witli other piKtiumt-H iiiid lisiseei! oil and }«i%ed 
with turpeiitiiu* and otla*r driew, aruj mineral oil were taihimifrd 
to conslani teiuperaturt'-H of 122‘’, iitul I, for in*- diiwe 

Ibietly the results were: 

All the HkiiiH shortened from I.'i In 'Id per rent , iiverufijisM •! 7i» 

pc'i’ ei'til, and lost in \vi'i|?ht from 2d I t«» S .’l per r«*isf. 
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was changed the least in other respects. All the other skins became 
brittle and stiff, broke easily when bent sharply, and were darkened 
in color. The white-lead skin changed to a faint yellow, the sul- 
phide of lead and zinc oxide skin to an intense yellow. 

The addition to the linseed oil of 10 per cent of either the oil of 
turpentine or other driers, or a mineral oil, or other fatty non-drjdng 
oils, including some gum copal, had no effect whatever to resist ihe 
changes effected by the heat. Not more than 10 per cent of mineral 
oil could be added to the linseed oil, as it rendered the paint viscous 
after drying. The Bessemer paint-skin, the pigment being a ground 
furnace slag, and the linseed-oil vehicle having an addition of a non- 
drying fatty oil with some giun copal, was just as sensitive to the 
heat as any .oil paint. 

Generally the action of the heat was less marked upon the 
graphite skins, which were less brittle than those made from white 
lead or zinc-white. The red-lead skins were especially sensitive to 
mechanical influences. 

These changes are easily accounted for. The oily, repellent 
nature of the flake graphite prevented it from bonding to the oil 
vehicle as firmly as the other natural pigments and those of higher 
specific gravity will do in both a green or a thoroughly dried paint. 
While it is generally known that heat is destructive to oil-paint 
coatings, it does not follow that the coatings are so sensitive to its 
action that it may be deemed the principal cause of their failure. 
The engine and fire-rooms of ocean steamers and war-vessels are 
exposed to temperatures of 120° to 140° F. for months at a time, 
and many times in succession in atmospheres heavily charged with 
moisture and other vapor, without any material disturbance to the 
protective character of the coatings. 

There are commercial paints in extensive use, subject to tem- 
peratures of 300° to 350° F. under pressures of steam, which preserve 
their integrity after years of exposure. In these instances the life 
of the coating depends quite as much upon the vehicle as upon the 
pigment. 
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PMN'rtM: ll\ xl’KW, 

Painttno by spray or (In' air-brttNh lins lately eoiiu' laryely into 
ill riuU/, it wiailtl have been iiupnssible (i> have envereil, ill any 
ac.i'i'plubh; inaiuu'i’, llu' Worlil’s Fair Ihhhliiiy.s eveeied *4iiee Isuo, 
willioiit, (he iiH(‘ of (he paint-spray pro(’e?->. 

At, (he Columliiaii M\pnsi(inn, the results of the spray int'lhotl 
of |)ain(in^i:, (loiipiareil with lh«‘ list' of the hnn«l“biUsh, were: A 
corps of haiul-bruHli painters, workinii in the usual umiiuer itf apply- 
ing kaisoniine, avt‘ra^i;('tl ahtait SOtl square feet uf surtaee ilaily, while 
Ki.OOO Ui 20, ()()() scpiai'e feel weff* roverc'tl by a sprny-funehitie iti 
('i^’lit. hours, 30,000 H((uare feet havitijf been r«'at’luMl unih*r favornbli* 
conditions. In llu' .Manufaeturers' Ifuildius', with a daily nverni't! 
of thirty nuai iisin^' .spray-niucldnes, at the t'ud <if eiphle<>n woiKiua: 
days, 1,332,700 s(|uare feet of surface had been enwied; equal to 
an nvern/i:e of 23()S S([uare feet per day per loan, j'hi'^ w.’i^ duriia»: 
the coldi'st, days of winter, wheai the water paint, ‘m nftetupiine to 
aiirt'ud it. hy hand, froxe solid, 'I'he spray requirmi ubnui tweniv mu' 
ffallons of kalsoniiiK' against, twenty gallons by the bnHh. but the 
saving in labor was nearly twenty to one in fnvtsr of the ^pniv proee’w, 
(las-holilerM in duty tire {'Xcepiiotudly hard to paint, < ine [miiiteil 
by spray, using iroiHtxidt' jmiid, nveragt'd fnau 27(Mi to 2‘«Mt '.qiiare 
f{'o(. of surface per hour for ihrei' men u.sing two spras'.. ‘l‘he amount 
of ])aint, used was not. notnhly more than with the brush. 'Hie et.Mi 
of iiie lulior wtiH less tlmti | eetif per Me|unre yard. 

In the Mirlu<ian KtujlnnrH* Xtanuul for bS07, Mr, J, J. Huber 
(leHcrihes an ('XtemporiziM Hpray-inachine, and ila* rtmilfs in paint- 
ing 100,000 squaro feet of rough hemloek siding with trs»ii»o\lde and 
niw-oi! paint. 

Tilt' coat me t or’s bid for labor, ladders, and hnwia«, 
tho eoainany to hmiiah the nalal . WfiM. . a a 1 fm . .... . 


OoHl ot tlH' pnmi., lalH)r, and apparatuH, lifLeou cents ])cr 100 scpuiro 
feet, or li^sH than oiU!-iuilf tliat of painting by hand. The paint could 



Fio. idfld Kpmy apparatuH at work, 

be applied from (dght to l(*n fet't aliove llu' Hprayimaia’ heads, and 
ordinary lalairc'rB eoiild do the work. 

Tn Home experinuaitH made by the P. tl' T.. hh R. R., iiBing a spray 
apparatna for painting box freight-ears, tlu' time rexjuired was thirty 
mintites pt'r ear; one man witli an eigld-ineh bninh following the 
spray thirty mimitea more*, nr total of one honr per car for each coat. 
To paint a ftO.OOO-pctnnd-ejipaeity coal-ear required two men twenty 
mimitw each, spray ing the lettering not inehuled. 

At tlu' MaHt<‘r Par and l^ammotive Paintera’ AHRoeiation, in 1897, 


Liinoaiul (loHiH lUdcUiu ()1 pamlm^ liov trci^hl-cnrs liy linisUnnd ^[l|■ay. 


WilU fhn Hrtifh. V\ iih tlui Kpisiv. 

Work Coaled. Tiiut'. runi. Tuuo, 

HIUh, oiK^ (iodt 20 niiii. $0.05 Id nun. So.(ia} 

ICdga board, oju^ coat -U) “ O.IO 17 " uni| 

body, throi'. coalw 7 hrs. 1.0a SI “ 0 21 

I'ullyiiig up 1 “ O.ir) 1 hr. 0 l.'i 

Hoof, (WO ('oatw at) nun, O.OTJ 12 min, o iia 

TnudvH, one coal 1 hr. O.l.a 20 " O il.*) 

Blacking ironwork 2.1 nun. (l.(i(i| 2.1 “ O.Otii 

ToUdn 10 htu .1.1 min. $1 .oa| a hr?f. .11 min. ffi..17*^ 


RohoU. 1.08 It) out' in lime, anti 2.82 tu (’tt.*4t, in fnvt»r of ilu* .sjtmy, 
M’he tlangt'i* to the heallli of the painter.s in (he u.a* the >jii'uy 
i.s vt'iy marked ovt'r tlial in (he usv oi (he l>ru*ih, whether k.nh-umim’, 
iron oxith'S, or mixed painlH are ii.setl. In the .Hprayini?, «»t' leml jiuitds 
or thoHo ('.onUuning any melallie oxideH the tlanaeSfUis elTeets are 
grt'uMy increuHed, t'Ven when l)u' greale.^t juwsihle rare iM n>iftl in 
guard again.sl. ihein. The line nh^ldike .•^juay In readily taken 
into lilt' InngH a(. every reKpirnlion, and !.•■< nmre (hortundilv iiiini"- 
dueed into tlu* syM(,em than is poa.sihle hy nlisorptiun i'rom eimtaet in 
painting hy hand. 



Fin. 42.-~MatlKwvw)n'H patent helmet fitr painting by «pr»y or elemiing l.v 

th(* 
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11u>s(' wt'i'c' !i])|)]ic.nU()ns from (iompiussod-nir imstnlktioiis used 
for oUu'r ])iiri)os('s l.lum painl iof-;. 

^riui iDj'i'il, of oil-pjiinl, spray (!oaUnj[--s lias not beo.u fully cstab- 
lislK'd. d'lm spray nc'cc'ssarUy cnrru's a part of tho air with the con- 
doiisc'd moisfiiiv in it iid.o tiu' paint, and its subso(iuont escape by 
expansion ami (n-apornlion must ivsult in a more ixmons coating 
tluin wilh paint applic'd by a hand-brush, h'ollowing tlio spray 
inumaliately with a brnsli will rcanova; the ])orosity to some extent, 
d'he brushing out of any paint is a great factor in its durability, and 
us the us(i of thci spray rernh'i-s tlu' ('inploymcnt of a cheaper grade 
of labor more h'asibie than witli the use of the brush, the effects 
of an indiderent use of painter’s “elbow-grease” will soon reveal itself 
in tlu^ decay of tlu^ coating. 



tlui piiiiil i,M niosl. lUMM’SHiivy. Pci'liuli of (hr pninl nn«l rDi'ni.siuii 
pi'oiiiplJy follow Hiiy ('xlrtKlctl fipplicutifKi of nu oil paiiil .spra_v 
coaliufi; on a ft'rric hotly in situ. 

'I'Ik'. iiK'l.hotls of painlin^ wort* rrrriilly ilif’t’ttj^Hril l»y (hr \Vt‘H|(*rn 
A,sHof.ia(,ion tjf R.aihvay Supcriiilrntlriits of liriih^rji and Htiildin|»s. 
in anavviH’ to a circular UHkiu^ htr inforiunllon iipttn the .Ntihjrci. 
Mlf^httHHi aiiHWci’H wt'i'ii rcct'lvcd. All won* in favor of ihr .saiul. 
blast for clcuniiifj; ('il.li(‘r lU'W or olil mcljilllc Mirfacrs prrparnlisry 
to i)aiutuig. 

Six worn in favor of Uit' air-spray for Mtunr I'lasst s i>( uurk. ilirct* 
worn opposed to it, anti niiu^ wt'rr iion-comiuif (al. 'butt wlat iiatl 
tiictl it wt'.rc^ t)p])ttH('tl it) it. (hie .NUpcrlntriahiit auid: "(iji irtm 
britlf^es otlu'r than tin plate fj^irtlers I fotiial (hut (here was nmri' 
jialnt vvas(.etl than applied to tiu* adnictunv 'ria* in ntitanpl- 

in/i; it) paint lal.tita’-truss wtirk was very nuirkrtl, and ihr eontiny 
was not. etinally tir wt'll Hpreail," lie favuretl tlir of a ?hilT haul 
brush to insure a eltise contact of (he paint , uliiels he eoultl imt 
get with the spray. Ttio nuieh air wum incorporated with Iht' 
paint by the spray, anti wtiultl not rehaist* txihf in (he drying of the 
paint. It left the coating intm» porous than with (he use of luiud- 
brushes. l''tillow'ing tlu' spray with a hand ImiHh did iu»t inatiaially 
help the c.tmling in tlurabllily, when compaml with fairfaeei-) spreutl 
on t.he same siructure at tlu* same time, by the .*4nnie pnintem U’ung 
hand-brushes, and the sanu* paint, 

"The use of the spray, ftdlowlng it witli a heavy hnud brirdi. 
was adnuHsiblo upon some of tlu* large wooden bulldinf,yn »e> tlu* 
failure of the paint in tlie^* en.«eM wins not 
nttendetl hy eornwitm. blistering Uang the 
principal cnuHc of failure in the npraved coat 
ing on wootlen luul masonry siirfaee?^." 

fienerally, lieavy or very thick oil paints 
canntit he mu’ee>wf(dlv spread by ^prnv. 
unless mHl{‘r air prtwnrw of >«r\tv or more 
pounils per srpiare inch. renden^ the 

u.se of the sfmiy for oil paint useless, uuk*«s powrT other than hand- 
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fliiidity. If the paint is thinned with benzine or turpentine to the 
point where a moderate pressure of air will enable the spray to 
work without choking in the nozzle, all of the objections to this class 
of paints are increased, as the extra amount of volatiles in them to 
be evaporated leaves the coating more porous and hastens its decay. 
Two coats of such air-sprayed paints are required to equal in pro- 
tecting power one coat of heavy hand-brush work. 

With kalsomining or water paints the spray apparatus finds an 
almost uncontested field, and from the great saving in labor is recom- 
mended. 



CHAITKH WXll. 


Misi.n I'UMh. 

IliwtiTA’nLK manufacturc'W ttf Mliunlnrsl jiiiijUfUlM nrv Kn^ntly 
at ihu morc-y of intuiy ttf ilu* j>ruj»riri»ry «»r |»?s!r»i jnuoyw rt-mly 
for uflo that aro a h'alurt* of tlu’ i<niut mntkri. 

Staiulartl plgnunUH wthHiHiuoiuly apponr in ilir«r r««in}Mam«l piiinta 
iiiixod with a variety of \v»-ll kmnvn inh-rtur ilmi hy 

Bonio allc!g(ul H[)(’('ial nitu'luinit’nl iniinipnliition ” in nyr I'lu*. 

lory’* iiiakoH of ihoio a pmauhu'iitly Hnj«’rif»r j»r<«l«ui, " uhully 
unlike tliat i)rotlu(H'tl hy the nuthpuitiHl prot’iwf^ riii|4i»yr«! Iirlon- ihi* 
advc'Ut of our ut'W idea." 

Mixed i>aiula for iho j^mit Indk tif ihr pnini irado nn- n {’nij- 
vouicnco that eauuol lit’ igiiurotl, and urn in ruish.rmit v wiifj flm 
gouoral advauwMnont of llu* mntmCarinriT.^ 

and doalorH in paints fiirniHh tluin; and ihrv arr iisMir nnil'urni in 
(lualityand color, of iH'ltor (H»injK»»ition. writ m rltoHprr. iIjihi 
inixod by tlu* individual painter. 

RoHpoiiHlbh^ paint inatiufarlurers insjHTi and t«*»i iIh* .|iinlitv 
of all their inalerialH, ainl are fcrliiin tisat llu-v an- Niandurd in all 
rc'Hpc’C.tH, more than it in poHsihle fur tin* iii.Iivihinl piiinlri' i** dn, 
» however muah he may desire to prmlnee n ifiwd pidnf. 

Railway companies aiul bndKt^niaiiufiieinring imu^, fr»m the 
inagnitudo of their paintwl work, are tible to r«n4..v iln* nre»-H,Mrtry 
Btaff to socuro good materials, fd«> the tiThiiiral f«, nijx 

and apply thorn. The fipplieation of the pmnf in a ^'rm! niriemrr w 
under their control, and the eomiHwitloii of it rjin b- vj»ri*M i«» nn-ei 
all the eonditiona aa they artnc’, and a tlirwl re#i|«ifij4ii4lif y e«ifil4i»ih«l 
for any failure in the coating. 

Faihirea are iioHsible and occur with the Im**! «»f |»idm« Hie 



upon, rinclin^>; that the paint docw not work or Kspread well, doses it 
witli bt'iiziiu', turps, or some other volatile or vehicle. He does not 
always know or c.arci what tlu'. composition of either the paint or the 
addc'd (‘lenumt is, so t hat it enables him to p;et through with his work 
without an iunnediatt' apix'araiuu'. of distress in tlie coating. 

Sp('c.ial mixed commercial })aintM generally n*. quire a special 
order of procedure in tlunr application, and when these are faithfully 
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.1//A7-.7; /M/.VAS'. 


Firo iuul uf.ul-pnxif. CouijiostHl nf mal-tut, j'Urh. t’uiuiutm 
miiKiTiil paint., liydniuUc. ctniioiil, ^rny tu-hre. iiNhrstnN, >!nki-il 
liquid drior, and litharge. 

In most, of tlu' ahnvc and in .'■.imilur puSniit iHitnpuuiuls 

tli(! (piantlticw (jf each siib.slaiuu' an* itnf jic/iui-d, laif h-ld t<» iht* ilis- 
crotioii of Ui(' u.si'i’, 

Ollua* (‘.onqjound.s of a kindred nature euntuin Nulipet(-r, .std|i}iur, 
cauHtic. potash, inir.a, lair, /ine Nalt> nf tartar. n\tile uf eupper, 
shellac, sulphate of inereiiry iind aiilphatenf /ine. vei.iseit ., e.ippcnia, 
iiulia-vuI)l)(M', hydnuilic-eetnenl .*<la|', .-a»np’’iiitje. nt 

iniis, tamiin, arc'tone, yellow wmp. Ihuniin vila*. i‘n!!ie, n*.!dVtiil.>t. 
and oiH' or nu)r(' of the HnI of iaerl }«aunrnt.'» f.'nfh ui (‘Impter 
XVllI. 

Tlu'se conpumutls are reetanmeitdetl ns Np«*rial paini.M fur ferric 
Htrue.iiires. In most eases (he merits are hlindii, '.ri fnith flmt 
Glut is in douht whetlau' it Is tlie prrservaiiun ui jlr-unnij.ia tif the 
paint or the e.overt*d surface the proprirtur ttijnlje.'* i». ’n eme, 

Ah inoutioiu'd lu'fore, nil tniMni pniuiH are nut neer>>',{inlv Mlijee- 
tionahle compounds, and t<i la* avoided. A euuihmaf iun ..j piciiteut.'i 
to secure a desirtHl re.sult is often nece-HHur) wheir flu- feu- uf t«ne 
pif^ment would he inefFective. 

In ih(' cast’s of red lend and laniphlnek the lamphhirk delu\ , th,. 
HettiiiK, adds luuly, prevents the ernvl or I'lirdhni? »4 •tjajvhf red- 
lead eoalitiKS, and is in every way l«‘Stetieial to ilte phwiral rharae- 
tor of lli(' paitrt. 

Tlu'tn’ is enough oxidiy.ing element in the re»l lead fo the 

lainj)hlael( (u'liieh i.s a slow dnr*r) to dry willmuf n-jng n large 
amount of japan ttr otlier drier. 

A small amount of hVeiieh orhre i*-» .^oitiriiioi-". added to red- 
lead and Inmphlaek mixtures to give n hrigliirr tum* !«. iIh- ehueu- 
late color of the mixture, making whnl in mllrd the " Ihjlhsuyt eM|.»r/* 
This mixture has proved to he v«*ry reliahk- tiiulrr muuu- nei,rre 

(‘Xposun’s on cars. 

The snecificatioiw for the imintinu of i.ue uf ihr hiidifi'i* 


ill linsiH'il-oll containing a Kiiinll amount of Japan drier, will outwear 
red li'ud. IC lilt; (loaling is applietl to a rusty surface, the scales of 
rust, will break through retl lead sooner than through the above 
luixlure. 

Mixlurt's of /,ine“WhU.e aiul while, loatl, both true pigments, are 
thought by sonu' t'ngint'ei’s to bo a more durable coating than either 
aloiu', and for sonu' t'XttM’nuI exposures are said tti be improved by 
the addition of It) to IH per cent of silica or barytes. 

The barytes and silica in these cases, also when added to flake 
graphite, savi' oil and give weight and bulk, as well as a frictional 
eli'UK'nt to hold llu* graphite in place iluring the setting of the 
paint. 

In all (lu'se instances Uu' jiuint ai)iKau*s to be better for the })rcs- 
eiiee of the variiais Hubstunees; but eould the same group of niate- 
riuls b(; eotnbined Into a Huigle pigment, it woulil prove superior to 
any nieehnnieally arranged arliek'. 

'I’he few easi's whs'iH' the mixture of true iiigmeiits with each other 
or with an iiun't substanee has jiroved to bo bouehcial are not 
mitnerous enough to alTord any foundation for a mass of incongru- 
ous substani’i's ealletl “mixed ]minls’' that flood the market, and 
which tlu' rcputnbk' palnt-nuumfucturer Is almost powerless to stein. 
(See Chaptem \‘ .\.KX.) 

No reliable paint can be made without skilled labor at almost 
evi'ty Kluge of its manufacture, even with tlie aid of the liest me- 
elmnical devices to nnluce the labor account. (Senerally the labor 
and power account is two and a half to three cenls per pound of 
paint, or twenty-five to thirty cents per gallon. Any paint worth 
applying In a fiu’rie or any other Htriicture of linportanoo cannot 
he bought for forty or fifty eenfs a gallon. Such paint will not pro- 
tect a ferric bntly. and If applied will prove (because of frequent 
renewals) more expimsivi; tlian one costing three times as nuieh. 

Iron oxidt' is the eheapwt straiglit pigment in use. But this 
(uumot b(* prnptrlij prmimi in a reliable oil, barreled, and delivered 
for It^rt than neventy eiaits ])er gallon, unices the manufacturer is 
loKing money, nr uning an aihilteratwl oil or a very unreliable iron- 
oxi(l(' (jigment. 


against tlu'in. Oil inuiU' fnau \nm\n\ sutuU> . miuU'u tit-a. i-r "n..- 
gradc'" S(H'(1 h, tlial. oflcn cniitnin iihiio.-.i un mm-h nuu .h wia- i.il as 
the (Irving t'h’nu'iil, is ttm rrcijut'it! ly umsI, nnil i ii-cil f,.r 

(he drier iusU'ud nf jaimii or turpentine. \\ In n lu. er.! ..d i> hfate<i 
to 120” or 100" Iddii’., Jind lien/ine h* f-lculy }Hl»led and uel! .niin-d, 
the niixluri' will nol sepurute on eimlini'. Imi jtanam h\ed until the 
oil is .spnaid and drit'tl hy the e\ upurntien »«}' tin- \««lafd«'. ‘l lie ndi.r 
of (lie heny.iiu' in the paint in llti-> en*e i' ahu.-s ■ uppir- -rii ; it e, 
only markedly imtieenhle when tin* oil i.'. agiun luaied tn ui-ar the 
above degn'O. 

Hot mineral oil ttddod to lin^'is'd nil i . hard i«> ih in-f l.\ tlsi- ..d.»r, 
Inti the elnivaeler of the mineral oil m* a nun dninr u|! i , taut ehanreal 
in llu' slightest degree by the heatitu*. A gdl •*( inuteia! uil a«hiei| 
to a gallon of ri'ildi'iid paint \ull delav the ’i-iinsg ui il,*- paint. ’ITe 
paint' lU'ver dri('.s hard, but onh un the '-iii!a«'e. It u jiaaue' \i iid 
IxMitndh, Jind the eonting i^ lialde to pn-! »i nu% lime 

d'here wi'i'e sold in the 1 idted State'- in ihi* u-ai I'mhi hdjHHiinHt 
gallons of mixed paints and pn.^teN, the u?.r uf ttbnh i jinna iug 
about. It) pi't’ rent eaeb year. M«»re paint »?■ u «-d ju ila- 1 mud 
St!it(‘s per eapita tluin in tiny other eunntrv. dbe 1 nrb li mi^rd 
paints are ailnlteraled ipiite as mueb a>« an\ paint’' pii<djirrd in 
(he Ihiited States. 

The highly extolled MitgliNli "Tfarbai " pain* i-. i!»adi- t’luna a "It 
p('r cent, iron-oxide pigment, and hu*’ no meiii m\m >aa Vn-eiitau 
brand of oxide paint eontaining the .'•■ann* peieeniare ul iiun 
and a.n e(|ual (ptality uf Amerieaii liteeed uil 

“ IdaTeilnr,** an l''.ngrt‘‘!t trade inarh inixi'd pain! i e\p!uitrd 
a,s iK'iitg maimfnelnred fruin a **natnral mefidlie ‘i:, p, ,r 

('('III rustless peroxide of Inm ftiiind, in n \et'v luu- fate »4 dits i><H. 
as a crjiHlallinv pvroxidv, uml surjaisM-n tla- u\id«'. .d niel i** 

superior to rial haul 'herri-d ur' eannut jde-.uili or iisipail ux^ren. 
so Ibid, ilie oil in llie paint h not de-n roved, t*. ibr .a-r with fl«e 
r(‘d oxidc'H,” etc. 

The mo.sl. lirawn advert iser of anv ifrade of Vm. fi. an ndimal 
brown ])aint. never erptalled this, and no Ainerimn ba- Uvvn U..ld 
('uongh to attach to his orotUiet an fearful a tradroie.ik a-. os,.i 


by using- Ibis firm’s ])ro(hict., I hough it is but a corrosive (me. 

“Armour-Scul(‘ Paint” (J’unzers(!lini)i)('n). A Swiss fcn'ric paint 
math' from a number of formula', also one or more (lerman paints 
htniring tlu' sanu^ Iratlt'-mnrk, art' simply iron-oxitle paints made 
from SO to 00 ])('r ct'nl iron ores that the manufacturers call “granular 
micact'otis.” A grt'asy, cryslalliiu', scaly iron ore with gangue, ei(;. 
(iraphile in sonu* (unclassifu'd) form is added and the vehicle is some- 
fluK'S a Unseed-oil varnish. 

“lender’s Aiili-C'orrosive Paint,” ('S])ecially reconmunided as 
Imiu'rvious to heat, cold, warm water, steam, volatile, acids, alkalies, 
gaseous ammonia, hydrochloric acid gas, and sulphurc'tted hydrogen 
gas. The bast' of the pigiiu'ut is called “a silicate of iron.” It is 
simply an ordinary Irt)n ore containing iron-oxide, S<S,5() per cent; 
silica, 6. -10 ia*r ct'nl; lime and magnesia, 11.10 per cent; alum and 
phttsphtirie acid, O.no per cent; undt'lt'rmint'tl substances and loss, 
4.110 per cent. It is sold in llie ftirm of a paste, l)eing finely ground 
in a boiled till tir varnish, and when usetl is retlucc'd with raw linscH'd- 
oil, and litharge added for a tlrier. A siH'cial pt)int (Oaimed for this 
wonderful oxide-of-iron paint is that “any mint'ral ])aint t)f the 
right etdor ran be adilt'tl to prtttluee tlu' tlesirt'tl itnie.” Wtm- 
derfid protlnel! 'I'ht' spt'citd advtmtagt's for this siieeial ])aint arc 
aeeompanied by a siteeially high ])riet‘ for it. 

Other examples of llu* foreign mixetl paints aiul the art t)f aclvt'r- 
tising them emdil bt* elleil. A uilxtal paint is nt)t neet'ssurily a gtK)tl 
one beetmse tif its Iratle-mnrk ami high priet', iior is it a nt)lorit)Usly 
bad one because of its being an American firm’s i)ro(luct. 

Some instnuees of iht' uiirt'Hable eharaeter of etimpoiind paints 
have bet'll given in (’haptem V (White lend) and XXX (Paint 
tests). Tht' following instance, from the etist anti magnitiule of the 
siructurt' to which the i)nint was applit'tl, the ]mblie inteiTsts at 
stakt'. nml the result of tlie application, is tif intt'rest. It illustrates 
Iht' unrt'liable character of corniKiunded pigrnenlH applied over 
otht'T* basic jiigment jiatuts ft>r the ])roteetion of fen'ic stnic- 

tUM'H. 

Tlu* new snspenHion britlge over the Kast Hiver has in llrotiklyn 

vbtrh.cl nbout OCKWl feet long. Tills viaduct is of lattice trusses 


of hoilod oil bofon' machiiiiop.. Alt<T U|« m I'riiunH pi-i- 

panilory to shipnionl it n-fi'isfil n cojitiiif''. »** *‘*‘1 puiut, ami 
nflor oroaliou uiiolluT coatini^ t»f n*d Imd atul lunipl.l.u-k pain! wan 
ap|)li(ul. 

Af((’r ti nurnlit*!' of luontha* dryinii tia* lir-i iass- boir • nal «<! .U'WcU'.h 
whiU' loud, 70 to 7") puii.H, and flu* Xrw .In to, .sur ,'ti f,, 'jfi 

pfU'lM, pil'ound itJ raw iiio-ood t.d, wa-* appiml Thr niruu-t-j 
from HoiiH* pnwioiiM ('sprriouoo wiiii ibo. iiaxitut-. panirnlar 

(.0 S0(5 tiud, tluMplalit y nf all ihr I!ial«-I1al «;*•> i!j ;s 1I If pfrl'*., 

Tlio Hpri’ailiiif? of tin's an»l tin* !MlI»»w!nr m ii>nssl! n.i'. .^sIh 

and uiidoi* Ihoir oyos; Itonor t!ir\ ;$!>•!!<• iUf i.. dl.to.f |..i ain orr«»t>4 
ill l.ltis, Affor a huiiiUt (<f luniilf.. il-.r hsio <a hm hmi- rua?, rKto- 
poH(‘d of tho nhovo whitt* load au»l /snr !!n\!nif. af-o a Munll 

i(U}UlMty of iMVUoh tKdiro to nmlo* tla- maf «‘traln r«4>«fr»l, U m» up* 
pliod. 

Ilia not- purtirulnrly Hovorc i-xpunm* and iu !«u u-ar-. tho hfd 
ilinu' li'utl and ‘/.im* onatiiti/'t wro- doudfrtalrtl and wa licl away 
iu lurfjto urouH ovor tiso ouiiro •.maiuir. -Iittwniio tin- fonu.IntioK 
ooiitH of red lend. A oluib wrili-»i m wain au-l uip'fd ton ihr roal" 
lugs vvualital Ihoui oil a.n fm-h a.'» iLio wro- *4 wlnli-wa-Hh. 

Wringing tlu' olotii li'ff lla* ihifo n»id ? fl Irad ;Ut>l .•isjf in 

flio wulor hk<* an nmt'h ohalk ll' s!sr »•! /ua* n\alr iu 

Couttng hud boon fo!*l\, ihr pfOlit ieui.r faslc! I'l'fJlItg 

in HtripH inatond of rijnlking. 'llsr w if-, jsajinoil'.. |.r..por- 

fiofiH, upplifulion. brafioii. an*! r\|«f-sjir. {••» u.4 tut tiiffomd frofu 
tliut of ilu* N(*\v \ orli t'ity olioatod t;ulw,’ir*o ttlarli fLioi far {ia.H 
kept ibM plnot* froo fmui rlmlkiur^ l.its mf |.oonsfrd r».frif.iou 
from iitturking ovory fool of thr |.fM.i!s.i fhr of 

(lorraclion. 

Had tlu' Hfimu nnimmt and ipialitv of ilio |.nit;if Iwrii Hprr.-ul »»n 
a thoUHund inland rdrurf urf«i, tli»« fuilnrr .4 f|,,- r..a!oi|f^. would imt 
havo hnon ho mnrkcHl aw iu ihr aU.vo nnr, uU-tv ilu- amu-v «4 um-H 
of docayrti paini tolH tho lair; Iml it would kan* ornsriod pr-t iho 
uaine, thougli thu Iomm would Imvr Iwim >at widolv ».« to 

fsall no Hpocinl attention to it, 

Iho ridiilhlf* flllahtiw of a lifiim rotut«ra*d of ?» nf 



blG nature ol that eJasH oi ))ig- 
nients. 

It 'm the pliotograpli oT a 
four-inch-dianuai^r wrought-iron 
pipe. 'riiC! uppc'i’ end, /I, was on- 
(dosed unpaiuU'd in a e.ast-iron 
ring, d'he lower end, H, is the 
adjoining part of tlu; })ipa that 
liad betai painted with two coats 
of Hul)linu'd lead and //me. The 
pipe and its connections wc*re 
buried in tlu'. earth for nine ytaii’s. 

Wlnui tak('n up the eud A had 
corroded and lost over |V inch 
in diametar. d'hes part H was 
iincoiTodod and luairly all of 
the paint on tlie whoU^ h'Ugth 
of pipe WiiH unchanged and in 
place, Where tlu* coating was 
Hcaletl o(T in the pnua'SH of re- 
moving tlu' pip(‘ from llu‘ trench, 
tlu' iron wuH as ck<an and uncorrodtal as when laid. 

V.Stdilimed bead.) 

Sir Benjamin Bukt'r has concistly remark(‘d that “it is the 
deviation from the average which really is so important in the design 
of engiiuH’ring works.” 

Tliis is (Hpuilly applicahh' hi the ch'sign of a paint. The majority 
of puiiiBmanufacttirc'rs apptmr to harbor ilu' idea of the \tiiiversal- 
ity of tlu‘ir product. Idiey give little or no atbaition to location, 
extKiHurc', or tlu* many intiuenoi^ to which it may be anbjc’ctod during 
it® life on a f(*rrie structure. 

A pahjt that is reliablt* in open inland locations ofbm fails on 
th(^ seaeoaHi, or in mnmifacbiring towns, or on industrial («tal)lish- 
menta. I'lu* paint that is reliable in the laib’r place may fail quickly 
on anoUu*r not far disbrnt location bt'causo of disregarding one or 
more of the iUkjvc* factors. 


I'm. > 10 . - l'’o\U‘-hu*h wrought-iron pipcj. 

(See Chapter 



one of the grouii; for inHluiicc, where retl lead <<f red lead am! 
lani})blaek are ailded Lo Inlhu'uee t he drying t if tin* jiaiiif. Annther 
iUHtaiico in wlnn’e a Hnbslanee eoinbinea hi delinite jtn*j<nrti«ius. siieli 
an the carbonate of lime added (o an iruu ustile tii ueulrali/e llie 
auliihiu' in the pignu'Ut, or tlu^ acid in the vthdrle. 

It ia alno to be kept in ndnd tiud eviay inetnl eleetrepe.Hitive 
to itH own oxiih'J tlie latli'i* indneea eurniainu in the fniiuei' uhen- 
evi']’ the two are bronglil into eontaet, a^ in a paint eunting. The 
vehicle only hmulnteH or proteclM either Mibstuuee but iudin"erently . 
particularly where the eovt'red tnetal i>. the \m>v ef llie !i\idr in the 

paint. The wtd.er and acida in the nit cihe latter mn intie«p»entiy 

rancid) have great inlliu'nee in the decay tif the eunting atul eurrti>i«»n 
of tin' covi'rt'd ini'lal. 

'^riie prochiclion of eiuunel jmintH hna liecnine a tinde nf great 
iiuportanec. I'lu'y dilTer frtmi onlinnry nil vehicle paints inuNtiMich 

aH tlu'y dry with a high lu.stre or glnaa. 'riiiw* were hsHt ealleil "var- 

niah paints,” for the reasnu that the vehicle wuh a vaiid'^h, iuHiend 
of linH('ed”oil. They are n.sed principally fnr cnating wnlh< on the 
inshh' of bnildings that nH[uire to be un>hed with water, aw in hn.M- 
])ittd.s, courtyards, etc., the varnish vehicle beitig less msily injured 
by tlu' wab'i* than an oil vehicle. 

The us(' of a varnish vehieh* for ferric paints lum been trietl in a 
mimhei' of iu.Mlances in Iat(‘ years with vatying degn-es of Hlieee'.H, 
Tlu' principal dinicnlly in their use is the tnu’eitniti eUnificter *<f the 
vtirnish vehicle, which retpiirc.H a greater knowledge of the nature 
of tlu' fo.ssil resinH and iunv to compound them tliim the average 
paiiil-muimfactnn'r has at his comtnatul. 

There ari' threi' claHHt*H of etintuels . * 

h'irst. The slow-drying enniuels. that retjuiii’ fmm tw«-lve to 
fifteen honrs to dry under nortunl conditions. They givt* a fine, 
lustrous, level coating, and If curefttlly appHnl shouhl show no hrtmh- 
inark.s. Tiny are c.ssentially an oil uiul fowibresin VHinish, with 
which the necessary color pigtnents are ground. 

Second, (^luck-drying cnanielH. that dry in from twenty to forty 
inimites according to their coinpcwition. 'ibey are iw»entiaUy spirit 
varnislu'H, colored with jagincnls. Ihey leave* a luHtrrle«s or flat 


cMtanuMS. 

1 Inicl. Hiikinjj; oiuuiu'ls. IIk'v rtci vuviiisli (loiu pounds that whou 
lu'jiit'd flow iitli) a luuforiu. uiid lustiroiis (loiitiii^'. d'lio pi^iiiGiits 
addl'd to thi'iii ilioni body and dolor. Sovvin^-uuidliino and 

bicycU^ fnuuds, Imrdwari', did., un^ dxaiupU's of tlu'si^ coatings. In 
largi'r fdiTic bodies tlu'y aio n'pri'si'iildd l)y the baked japans aj)- 
plidil to wnldi'-pipds. (Sdi'. (Hiapldr XI,) 

'PIk^ domposllion of (li<^ varnish ])asd of all of these enamels is 
the essi'idial part., and in most casi's bi'th'r ri'snlts can be attained 
if the varnisli is oblnined from a reliable varnish-manufacturer than 
wlu're the paiider maki'S it himsi'lf. Mveii tin* best of varnish- 
maki'i’s fail Homeliines to prodina^ a reliable varnish owing to many 
cause's, principally from (hi' use of common ri'sin anil othm' poor- 
(lualily gums, the I'lTi'dl, of which is the “ crazing” of the coating. 

'Pht' general nalure of (he varnish base is indicated in the follow- 
ing recipes that have given good results; 

Sixty poundH of good, white' Sierra beone copal, mixed with 10 
gallons of the best ipialiiy of hot boiled linsi'ed-oil. When well 
cooked add IP) galloiis of turpentine ami ^ pound of linoleate of 
manganese For a drier. 'Pliis varnish, suitable for all colora from 
blai'k to while, should bi' grotind in as for oil paints. 

A eheiiper grade of varnish can he made from Ilf) jHiunds of Kauri 
gum and 1.1 pounds of Sierra Leone copal, mi.xed with 7 gallons of 
hot boiled linseed oil and gallons of turpentine. When nearly 
cold, thin down by adding 10 gallons of turpentine. This will l)e 
too dark for white enamels, but answem for all other colom. 

The white enamels are nsiially made hy adding zinc-white or 
lithopoiii' to the varidsh. 'Phey work well. Ahoid 5 jiounds of the 
whit" is required to a gallon of the varnish. Whiting and ])ipo-elay 
uri' detrimental; (hey make the coating gray, are dofieient in body, 
and are lialile to enuHi* "peeling.” 

lilaek enamels require *1 pounds of hunpblack to about 6 gal- 
lons of I'itlier gradi' of the above varnishes. 

A qiiiekolrying varnish linsi* is made from Sandarac gum, 10 
pounds; soft Mniiiln copal, 5 pounds; gum l)enzoin, 1 pound; 
methylntcsl spirit, S gallons; or d gallons each of methylated spirit 


drying vnniish is nuuln from guni ilmuiiuu*, 1 I jinuud and ll ^allutin 
of (urin'iiliiu'. 

I''or a \viii{(' ('nanu'l from (’ifhcr nf tlu'^o vnnu- ho'. grind in 10 
jioundH of zlnc-whiU' or litliopont’ to I jiallnn nf \arni: li. 

I'or fi ))ln('lv ('inunt'l griiul in jionnd>' i»f /int’ wlnt*-. L’ {loiindH of 
ciiu’lion lihu'k, und d ounc<‘S of lirilliaiil clmn^ '.itini l«Ia«'k t<» I yallnn 
of vaniLsli. 

Tho. baking onainnlH an* not (‘HHcntially difTorm! from lla* tlrsl 
(dasH of vnrni.slK'.s lii'roin monlioncd, ollior than that flir\ rootain 
morn gum or nvin of Hotm* (juality. 

A fc'w H]K'(‘ial rnfipoH am tltc ftillouing: iU-st gradt* of j-rtimnl 
asplialUiin, 70 pounda, mixctl with tl gallons »if hoi linHood oil and 5 
gulloiiH of gold aiim. lloil until ropy, thru add 0 gallon'* <tf tiirpt-U' 
tine. d’luH in for a black coating. 

The colored eiuunela nanure a belter grade of \artii‘dt base, ulucli 
ia niiulo IIuih: A good t|unli!y of Kauri and copal gums, rncii 'JO 
poimdH; Htiitni, 5 poiindH; melt together and mix with M gallons of 
hot liuHOcd-oil; boil ludtl stringy, thin with is gjUjun" of turpentine, 
and UHC with any pigments to g«*t the desired eolor. 

A (piick-drying hluck enamel is comp«»sf.d of: 

TX r. sIx'IIhc , ■ , an 

(luni Haiitlunu', Uu 

(luin licnzdia , , J " 

hiiaiplilack .y *' 

('uHter-dil. , , . (l T.'i '* 

Spirit. miUiitt' Idiick t ."lU " 

Mc'iUyliUi’tl Hpirii , 

Wooil-Kpirit. , . 

Total Kti »fi 

The pigmentn nsHemhlcal with all of tin* abovt* vnrnisheji shotdd 
be of the best fpiality, partieularly the lampbinck. lhdv«Tize»l 
bitnininoUH eoul and nearly all of the wernllt^d •‘nirbon blackM” 
prove detrimental to the (juality and color of llie eiiamel. Xo lam- 
fiirie or turpentine cun be added to any of (ho nbive variiislses after 
tliey have left the cooking-kettle without afTecting the uhmn of the 


2f> giillonti 
« •• 

'17 gHtloU!! 
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tective value of all enamel paints is quite as variable as the ordinary 
oil- vehicle paints. A varnish vehicle does not always secure a rehable 
ferric coating, unless more care is exercised in preparing the surface 
to receive it, or in its apphcation, than the average painter generally 
gives to these matters. The use of resin or resin-oils in enarnel paints 
is as disastrous as when used in an oil paint. 



('IlArTKH XXXlll. 


count isti IN t)F lUtiN VN!t >11 f t,. 

Titk difft'rcnct' iu tin* rn(t' ttf (MU'itiNitiij lii-luft-u irnti uo«l nO-cI 
as givt'ii by dilTtn'ciil mtllitirilit-s viirif.H i.'rfHll). Tlu' lor 

this is plain: llu' ftinililitiiis of fuch ropurti'd rniooi mi jti.Hion, %^!Hnhcr 
the result of laboratory or tillior lehts, >ut‘li cvpoHuir' to umihfr 
or oUu'r corrotliug iiilhu'nct'.s, un{ bciii^ .••.iniilnr iu nil nu- 

tluMHifore c.oinparabU' only iu a jicm-rnl way. 

Pieces of iron aiul slt'cl, lioth suitable for lM»}li‘r“{ulH'‘i. wore iimth* 
dean aiul lirij^lii, then placcit iu sataly loam xdub ubii-h hn«l bceu 
thoroughly mixed some sodium earboitule, ^^oliil{m uiirnlo, ammo 
Ilium and magnesium chlorides. 'I'lie earth so jurpartHl \\a'. Kept 
moist. At ilu' t'lid of twenty three thiys the )»hiteH wen* taken out. 
(iletuu'd and weighed. 'Plu' following was the restdt ; 

Iron had 'ost by corrositm tt.Hj jiri eetil. 

Slt'el “ “ '* *• n.7ll '* 

The pieces were replaced iu (he earth ami left for t\umt v odglit 
days longt'r, or sixty-one dtiys in nil. 'I'he result wae: 

Ivon total loss by corrtwion LMHl per eeiil. 

Steel “ “ “ " 1 . 7 <j 

Ibis is a rati* of corrosion tliiil wiudtl pndiabH have eutiNetl the 
disappearanct* of the plates in.-dde of eight yen!> 

I'lxiierlmcmts ctaulucteil by the Admiralt). Hoard of Trade, and 
Lloyds prove that .Mteel corrodes mucit uaue rapidly than iron 
when t'Xposed to the action of salt water; also that tlu* eoumiouer 
brands of iron corrode le.ss rapidly than the better binud% \dien 
exposed to the same inlluence.M. With fUeel niid iron !«itb nupio- 
t('cted and exposed to llu* sanu* action o! the weatlier ami .“ca water 
corrosion advanced at the rate of ont* Ineh in depth in S'i lear. 
foi the steel and HK) years for the iron. When }dwn\>4 inmier*»ed in 
sea-water llu* periods are one inch in b'U) vearn for the Mteel .-tin! :tift 



l)y four inc.lu'S would 1)(\ (UiUroly c.orrotlocl away in a little over 100 
yc'avB. 

Mr. (}. li('iuiu'’,s ('X|)(iriui(\ut.s in ISdO worc^ with (uilass of wrought 
iron, (iiisL iron, and bronze' for lightliouse ])ur))os('s. The cubes in 
Bt'parnb' vi'sscls we-re iinUK'rsc'd for sewt'idy hours in saline solutions 
considerably slronge'r than se'a-wale'r. 'Plu' east iron lost 
weight: the wrought iron dfli,,, being in the proportions of two to 
one in fjivoi* of east irctn. d'lu' hi’onzc' los(. todoo <>f its wc'ight, a result 
in favor of bronze* over east iron of three to one. Tlu^ cast- and 
wrought-iroii cubes wc'iu* tlu'u plaei'd in a strong solution of one ])art 
of niuriatie acid in twe'Uty-five^ l)arts of 'riiames watc'r, and (^xi)osed 
for twenty-one hours, d’lu* east-iron cube lost ^*3 of its weight, the 
wroughidron only 3^, being eight to oiu^ in favor of the wrought 
in)n. 

In llu'St^ ('Xpc'rlnu'Uts with tin* sanu* sample's of eacli metal the, 
results W('r(' dire'clly eoutrary. ddu* erystaHiiU' nature of the cast 
iron t'vidt'utly favored tlu* disruption of tlu' crystals from their bond 
or looser asHoeialion loge'ther; llu'y were cast olT whe'U ])artuilly cor- 
rod('d, and corroded by tlK'niselve^s wlnle the acid had fresh sur- 
faces lo ae( uj)on in all directions. 

d'lu' experiments of .Mr. liohc'rt Mallett, M.l.ChM., on wrought 
iron and east iron sunk in the^ st'si, showc'd that from to inch 
ifi t'aslings one inch thick, and about inch of wrought iron, will 
Ix' eleslroyed in a ee'iilnry in clear sea-wab'r. This is cfiual to fifteen 
to one In favor of cast-iron. Ollier (‘XjH*rim('nt.*^ by Mr. Mallett 
.showed thut<’aHt iron unproteeteil and exposed frec'ly to atmosphoric 
action was eorrodt'd nearly as rapidly as by the action of clear sea- 
water. 

.Mr. Keimlple, (Vntral India Railway Company, reports that 
“tlu* greatest eorroHion of east-iron piles existed elosc to the low- 
water mark, and did not extend (o any eonsiderahle distance from 
that iHiiul." This eomliiiou he also found to exist in the wrought- 
inm hulls and hruees. Aftor an exposure of Iweiity-fivc years the 
pilt'H wt're found lo lie in very good eouditioii, and corrosion had only 
occurred in jilaces at'cessihle for renewals. A thin coating of mud, 
nuiriiu* growth, and barnacles uiion tlu* immersed surfaces of the 




of tlu' (U.tiioHplii'n^, uiul ratiiiji; (lunii as 0, iii (Jlasgow they wore 83,’ 
niid ill London 2tS. 

'Pile ooinparalivc' amounts of ainiiiouia and otlior impurities in 
(,lu> iiir and in rain-water wi'ro: Vali'iitia 1, (Jlas^,n)w 50, Liverpool 
do, Mauolu'ster 3(). For llu' uinoimt of liydroc.ldorio acid present in 
the saiiH' (denu'nl.s Blackpool was 100, London 320, the Under- 
grmind Railway in London 07F Anhydrous sulplniric acid at 
Blackpool 100, Loudon ;152, Underground Hallway 1554. Ammo- 
nia and alhuminoid ammonia at Innellan, on Firth of Clyde, 100, 
I.ondtai lOS and 117, Clasgow 150 and 221, tire Underground Rail- 
way 13S and 271. 

1 )r,s. ('lowes and Andrew.s’ ('xuimlnat ioii of the air in tlio ears' of the 
(k'Utral laindon Railway .showi'd a maximum amount of carbon dioxide 
of 14.7 volunu'H and a minimum amount, of i).() volnimw in 10, 000 vol- 
umes of air. In a railway-station ('U‘vator 15.2 volumes was found. 

Many points in the Baris undi'rground railway system have 33 
volumes of <'arl)on dioxide in uihlition to other ileleU'rious gases anil 
2 per ciMit of atpieous vapor. Dr. (lowi's states that not more 
than S volumes of carbon dioxide in 10, 000 volumes of air should ever 
be present at any point in a railway building. 

Dr. Smith also found a variety of solid sub.slanees in the air, such 
as eoimiion salt, sulphur, nitnile of ammonia, litm' salts, iron; also 
the pho.sphnte.s, ioditles, and otlu'r organic maitem given off by nni- 
inals, vegetables, etc, 'Phe ja'rei'ntuge of oxygen in the opi'ii air 
varied from 21.0 to 20.40, while the earhonie gas varied from iia 
normal amount of Ihrei* parts in ten thmiHuml to over tlnrieen parts 
in tlu* lamdon Uiuhwgrmuid Railway, and some iiarts of the Swiss 
tunnel eonlahied ov(*r 17 per cent. 

Dr. Huxley's Physiography gives his examination of the amount 
of earbonie neid ga.s in 10,000 parts of the alnK.sphere at a mimber 
of points He examined by him, viz.: 

On (Ilf UiviT ThnnifH nl bemlcm, niiwi 3. *13 

In the HtrfflH Ilf I.tiiulitn " 3 .HO 

Tt>)j uf Oft) SciUlniul, •l•13(5 feet high, mean 3.27 

A wiml in St. 'riinniiw' lliwpitiil, I.nndnn 4.00 

llnyniarkft Theati'f, burnt i in, Dress t'irtdf at 11.30 P.M. when 

liglilfcl Ity gns. iT' ro 

Ibulergnniml llnilwiiv, bntultm * ‘ 


aiul HDol in liu' iur, in uu* <’<*nir!U ni-uirs m j.uuu-uir** uumu” uh* 
y('ar 1902. 'I'lif fiiH t»f ‘I'inI an*! '■mmi in an *'|.ru .h h .4 7."» qnaif 
inclu'S area aiiniimltMl in 2 utuift-N. t-tjual n- .9 s fiau c pn! .|!iaiv 
fool, nv 2:{.n jHiUiuls fur rverv HM) >«jna!u frr! 

Till' altnVC aimainls uf (’uri'UNi\'f rlfiinn! arr not ailalialtli. (•«»!(« 
slant , hut' (liny imlinatn (hn nurru'4vn inllimuii' iLat nia\ in- mrunU" 
inri'il In alinusl I'vi'ry sitiuitiun uf l•uyi!H■nn^l|.* wuik, 

.Ml*. Hi'anllllul'n, (Mv, ili'-taiini-' a n.’nr uf a •*;» lurk, in vilurh 
Hufl. wul.nr \vas “lunknil*’ iluun in!‘» flu* ’ua uafri k \ rl \i iIh- riul 
(if (hirt V”liv(' ynars’ .*^nrvit'r ail uf ihr ra- ! :in«l wjunrld nun aiiarh- 
nii’llls In (hn Wnutlnli lufk-yntn.'i, ai'^u thr iinlu- m fhf plalluUn ^ ainf 
jj;a(n"Sills, hail nuni|ilntnly nuiTuilnl awa\, ihuu'-lt llu- Iniilir! pailH 
(if dll' slrnnlnri' wnn* jmrfnnlly ^uuiai 

I'Vn'in nu'lul nxpusml tu Ihn aniiuji uf Hitli m Ih- Ii ualn Hinrh 
is llul. nluUlJJ^nil nul'rudns far Ir^fi lUjiiilU tlnm wla-sr flu* U.iS>n in 
chan^nil iiiiirn ur In.ss fi‘ni[Unntlv. 

Dr. hyiiii uf ItiiHa. u hij’h nhnuina! anthusiiv, rr|iuii‘-, fha( 
snnm nasl-imn pilns, aftnr funr ami a half \ras’.' sur !•« ilu* 

andim of purn sna-walnr iiavini! a "*p«Tihn «.! I njs and ihai 

noiUninntl IKKIO jjrnins of .sulit! inatlnr prr |,'a!iun, ui ulurh Dili.** r<«n 
sisU'il of dll' chloriilnH uf MMliuin, tna|,'ur''u»ui, » Jr , had nndi-u'uiis* 
a cluinj^i' (o a dnpdi uf lunh fruin ihr >a{ifarr ••! ihr lurial 

Thn Milloii-uii-'I’haninH pinr wn-- rinrSi-tl in islJ un ra tiiuii 
colunuis II fni*( in dianintnr and 1 1 iunlm'. ilurk In ih.- chH\«- rnil 
town pinr and dm Mapliii Samin hj.di!!»uir’i' ll»- • ;» i i!..n l ulsunnh 
and ollinr nasl-iroii nmnihnrH csim^rd i*» tin- ‘o-a uai« ! ttnr utsainallv 
1,1 and l-l InnhnH think. In all of liii'Hf -.inuintr'a ai iIh- md *■! luiii,’ 
five yi'ars, only if innh of (hn timlal min. ssmd nnaih-rlrd , Du- ir i 
liad (’hanged to dm sniuhlaimn uf phuahimu Xuiu* ».i ihs nu udH-n. 
of tlu'sn h( riu’lurn.s indinalnd any nhaia'r us ihr jnrs.il 

Mr. ThoniaH llhudns, (Mv, mpurlH dial ”m ihr iuri. •■! ihr 
(kih'donian Canal thn naaldruii .Hhhnr-galr’^ ««•»*• r\|h. .-i i.. r.|. 

Wa(nr. All of llu' purls were ruafnd with a lu-a^ .•'Wndi 'la far. 
('xnnpl on dm working fanes uf the gains. Thrs.- far. «,5. lar.-d 
and groniul iognlhnr. Fuur years after the imnu-r-iun ,4 ih. r.ii,-. 
upon ail in.Hpnntion of their noiiditiun. un all uf dsr |.;sifs i-uaird ^uth 


of of an iiiah, and luul to naiowod.” 

TIhi ('Xporicnac of AiiUirianii (■iifi:iii('(a’H a])i)oar,s to be equally 
eoiieluMive of ilu^ ireac.lua'ouM clmraeU'r of cast iron exposed to sea- 
air or Hoa-wa.ti'r. 

Mr. John 1). Van Uurt'ii, in a i)ai)er read before the American 
So('i('ly of (dvil !Onfii;int'('rs, slated that “holts and other wrou^ht-iron 
parts art' badly eorrodcnl in h'ss than tweidy-(ive years when submerged 
in sea-watta’. (Vi’tain kinds of e.ast iron could ixabaps bcmmule to last 
fifty years, which would Ix' a g('nerons allowaiUK*, and probably 
gr(*a(ly ('XctaHls tlu^ avu'ragc' lifc^ of cast iron exposed to sea-water.” 

Sir lienjainin iinkm*, in his paper “d’lu' M('tro])olitan and Metro- 
politan DlHlrict Railways,” * says: “In tunnel constructions when the 
roof luetnbers and bottom flangi' of the girdcu’s, tie-rods, anehorSj etc., 
arc' much exjHwed to corrosive influence's, wrought-iron members 
were' used and tho\ight to bt' morc^ trustworthy than cast iron, but 
were^ found to bt^ exposc'd to a grt'ater risk from hidden oxidation. 
I'lxpc'rit'iicc' lum shown tlu\ trouble and cost of maintaining ironwork 
e.xposed to atmospheric corrosion in an uiuh'rgrouiid railway. It is so 
grt'at that it would justify a, cousiderabk' increase in the first cost by 
Hubstiluting brickwork and dcc'p cuttings for ironwork and shallower 
const ruction. Wluu'o the th'pth was sutneient for an arch, brick 
covert'd ways were to be prt'ferrod to iron-girder couHtructions, on 
aeetnmt of Iht' smallt'r eost, inert'ast'd durability, and safety,” 

Sir Jtihn Fovvh'r confirmed Sir Benjamin Baker’s views in regard 
to the substifuliou of brick work and muHonry for ironwork in all cases 
when' poHsibh', t'ven at a mattu’ial iiierease in thc^ cost of the work. 
He thought tlu' question was not confined to the relative rate of corro- 
sion of east iron, wrought iron, or sU't'l, hut to the groat risk arising 
from liiilden oxidation on important memberH of millcd-in ironwork. 

d'lu'st* views art^ eorroborated in the t'X])erii'nce of American 
railwayn. Tlu* I’emwylvauia Railway has alrt'atly re})laced a num- 
ber of ili4 iron bridgt's with masonry arches, ami wherever possible 
will continue the HubHtitution. 

(!ar-wheclH made from the brat of gray cast iron when immersed 
either constantly or alti'rnatcly wot and dry, in fresh or salt water in all 
stagra of impurity are found to corrode faster in the body part of the 


32S CORROi^lON OF (IRAV CAST-IROS' Fli'FS. 

ill both jiartH of tlio whool uiui umii'r (lit’ same iuHiuaiccs. 

The (lirf(!i’oii('.() must bo ail ribiUcd Iti (he ctTrct of the cbill. 
has (ihaug'od iho iiioloculuj' fonnulbin of that |»art of thr wheel, 
making it moro tlcnso and of a luanlle liki* or (ilaUH'Uttm.s loriuation, 
(hat is iioi so roadily ailackcnl by oorrosioii as tho erystulline jiail. 
This on'ccd, in car-w'hcols Is iho more nolicenble as the body part of (he 
wluu'l is c.ovi'n'd with a. skin of ilic siliratt' protoside of iron, jn'odiieed 
by thomolb'ii nu'ial fusing tho sand m liu* luoM. 'I'here isulsoa further 
()i’oi(‘(daoii afforded by a (ilin of (he blaek ntagnel ie o\i<le of iron being 
foniH'd at the saim' tiini' by tin' oxidation of {he h- I metal in eo..)ing. 

(last-iron |>ip(' or pili's would lu' more durable were tlnw east from 
chills th(! sain(‘ tis ila* (read purl of a ear u heel, Instead, liowcwer. 
of ihls nieiliod, whic'h is alleitded with some dilheull ie?- not present 
in the easl.ing of ear-wla'els, it has been j»ropoM‘i! to ijterease the 
depth of (p|i(‘ siliealt' coating on sneh botlies b> a pioee's used in the 
ate i\Ir. K. lb (’. Davis, lale Pre.sideiil of the Aineneau .Sieiet v of Me 
ehanical I'lngiiH'ei’s, in (he proieetion of mining pumps, ehumbem, 
and pipes subjt'et, to the net ion of mine water 'Hie eorro^ai e act ion 
of this fluid is very gri'ut and inerease.H by motion ami presMue. The 
process consists of coating (In' eon's ami other pnrt-p of the mould 
with a thin ])ns(e applied by a brush, uhieli imTeuse.s fiie thirkme.'- 
of the silienl.e coat, (o more than doiddi* its natural thirtne-.' , ami 
can be made still lliieker by repented applii’nlmits of the paste br-tore 
casting, 'riie C! mi posit ion of the paste is, \i/, 

1 12 parts siliea. 

•I I " rnleine»! sntl.H earboo.ttle 

2-1 " “ enrhonafe pieeipiiute 

4 " horaeie acid. 

Mix and thoroughly pulverize them, (‘oaf the r.a,- ..i mould wifh 
plumbago facing, and apply the enaimd le* a psouh-i mi j,u- !.* i.. lite 
tliickne.ss retpilred, in (me or more apphealam ', and m f a- tr nat 
A single coating with this compoimd tuore than double the hh' i4 
the metal. 



inniilt' t)l (iv(' ytuim c.hangwl to a phimbago-likc substance, that liacl 
hardly any alrongih and could bo cut easily. No change in the appear- 
unc(' of lh(' metal waa indicated; the change in the metal was from the 
inaid(', or where in contact with th(‘ water. The pipes had the usual 
lough skin, and wen? nominally protected by a foundry dip coating, 
.Mr. 1'. .X. Hover, M. M.,* reports that a cast-iron water-pipe 12 inches 
in dian.elt'i', 1200 feet long, uhchI to circulate .sea-water for (!ondcn- 
satioii purpo.se.s, laid mostly irj the open air, was changed in two and 
one-half yearn loa plumlmgo-like substance that could be cut easily, 
hut to lh(< eye ptwetiU'd no indications of the change in the metal. 

(irny cast-iron water-pipes f laid at Atlantic City, N. J., for nine- 
teen yearn, in black swatiip-nind containing (lecomi)osed vegetable 
and Halim* nnhstanct's highly acidulous and corrosive, were found 
to he gt'nerally corroded (‘Xt(‘rnally. The iron was softened about 
k inch in deplli, anti in many places it had extended through 
tlu' pipe, d'tie corroiled metal appeared to have been replaced by 
a clay dike Hidjstiim-e of light weight, containiTig 17 per cent of silica, 
parlicl(<M of tin* cast iron bt'ing embedded in it. 

A nu'inher of tlje American Water-works Association reporl.ed 
iti I lie tUO’i meeting the decay of two ciustdron Hnction-]npos, where 
the metal was clianged to a graphitic substance, ea.sily cut. The suc- 
tion watt*r was originally soft ground-water, l)nt lat.er was artesian 
well-watc*}’ emitnining n small amouni of snlplmrettcd hydrogen, 
Wherevt'r liraw ami iron canu* In contact with the water-mains, 
evu'iilnnlly tlu* in»n l>(*eanu* wift enongli to cut easily. 

.Mr. dVautwine. an emiiu'Ut American civil engiiu*er, recommends 
a white* eh ).He-grnincMi east iron or chilled iron for leiles and wharfs 
i'Xposetl to H«*a~wuler or seai air. 

Mr. TurtJer, Assoe*. U.S.M,, rc'connnneds a gray cast-iron for 
ilocks niul pile.s {’xpoH<*d in I'lnglisii wni locatituis. 

Tlu* above rt'sults of the use of dilTerent brands of cast iron for 
sea-air and Hen-water exjnwures in diffen'iit loe.ations are probably 
duo to tlu* dilTerom!?* in soa-waler in tlifTt*rent parts of the world. 
Si'a-wat(*r varies grt*at!y in comesive and fouling properties even if 
not contamiriatod as nientifuiwl before. 
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CaniioiiH and other toiiKh easl-inui arlieh'N. (> or lutin* inchea 
in thie.kiU'HS of nu'lal, HUtik in the sen in ninii)' parts nf the %\(!rld, 
change in about oiui luuulred years to n suit earbmet ot iron or a 
])lmnbago-lik(^ Mubatatnu', without any diminution in tir any 

exfoliation in aeales or (InUc's, as in atmospiH'rie oxiilution. They 
b('(‘oiU(' too hot. to handh', when first raist’d and e\po>rd lo the air, 
■from the absorption of oxygen. 

Mr. hraneis d', Bowles, Naval (donstruetor I nited State Wavy, 
state's: "d’hat, tlu' eorrosiem of Iron and siec’l. tiom tbi* "1» . ) vations 
nuuU'at th(' dilh'n'iit (lovernnient navy yards, with f be ditfeient Kinds 
of iron and steel tisi'd in naval vesNels expoNnl to .sr'a nafi-r in varioir; 
])arts of tlu' world under a great number <*f eondifiou*. t.i tempera- 
ture', brackish, sewage', and dock water, was; That unpaiuteil iron 
and steel plates wilt eeirrode in one humlreel year.H on raidi exposed 
surface .dt) to .50 inch of metal; in orditiuiy fn-h wafer. 1)2 to 
.Od inch, and in the' atmosphere, ,25 to .dt) iucU.“ But in* makee uei 
dlatiuetion in the' rate' of correision lielwi'eti iron imd 'ott *>fee!. 

Mr. b. M. Hastings, ('ify Hngim’er, ('amhtidge. Mu*?* . lepoiiing 
tlu^ results of his ('Xpe'diiients to ascertain the tUUVrenec in eorr<o 
sion b('tW('{'U wreiught. iron, .soft Nteel, and east non, all uneonfrd, 
exposed to a running mixfurt* of peeiid and brook water, inirlv ‘.olt 
and comparative'ly free from any neiil eu .Hiilinr mattei*.. ’Uatr^. : "’fbai 
afte'r an exposure of one ye’tir the unc«ialed wmnifht iron wa?* budlv 
tulx'reulate'd anti rnsled, tlu' soft .nteel wn^ -bmiholv alTn-fed. but 
not. to the' Himu' dt'gree; tlu* ea^t iretn wan uIno nffretrd The pet- 
centages of inereast' in weight dtte t<» eurroNion were a>. lolkiw-. : ’flu* 
w'ronght iron, 1.5 In d.i per e’en I ; flu* ftt<*«'l. I ! to 2 1 per ree<t. and 
till' cast iron, l.O to 0,00 per ctait, A similar *^*1 of plaii-H Imneel 
in sand, also in clay aoil, Hhowt'il the same relative dillerener in eor» 
rosion of the' metals.” 

Hr. lioberl II. 'riiursitm* n'pi*rts llie re-mlf of hi^. m\ r-tignfion.H 
of till' dilTi'i’ent rate.s of correi.Hion bi'twcen imn and »«rrl Huflli, 
they are'; “Cast iron in dilute siduliteUK of nrid« i:". rapidh mied 

llin ttinliil .I...........} .................. ......A 
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rusts l('Sh rapidly than soft, sicc'l. BUgc-wator corrodes iron and 
sUvl rapidly. Iron ships carefully i)aiukHl have been found to cor- 
rode at. a rale not far frotu inc.h in twenty-five years." 

d’h\vail(‘* giv('H a formula and table of constants for the rate of 
corrosion Ixdwt'c'u dilTerc'nt nudals \)nder lUfferent elcinontal expo- 
.suri's, all for tinprotecled metal, viz;.: 




Water. 



Mntcitnl. 

Kna. 

llivor. 

Impure Air. 


Ft ml. 

(’lour. 


Cloar Wtilcr, 
Dr ill Air. 


CdHt iniii. . 

D.OlhW 

0.1)33(1 

t).l)3Hl 

0.0113 

U.047U 

Wrought inm ... 

. Hl.5(i 

. 1255 

.MU) 

,0123 

. 1254 

Slt't'l 

• HMl 

.t)»70 

, 1 133 

,0125 

.1252 . 

CuHl Iron, tio Hlvin. . 
(hilvanh.cd iron . 

.23 

dlHKO 

.0728 

.0100 

.()K.54 

.m 

.()3W 

.0371 

.OOtK 

.1)199 




... 

— 




Avcnvjic fur wiv-wuler; ('nut. iron, in contact with l)raHH, copper, or gun 
brtiny.ca, 0 . HI to (l.h.*"); wrought iron, in contact witli the Hamc, 0.3 to 0.45. 


No annlysls of the eoitstituetilH of th(^ .st'veral metals is given, and 
the terms hard and soft metal art' very variahh^ conditions. Tfow- 
t'ver, all of tin* ubcive e\p(‘riment(M's give hard metal, whether of 
east iron, wrought iron, or mUh'I, as b(‘ing htss corrosive than soft 
metal, 

Mr, 'riamiuM AndtHuvs, h'.R.S., experimenUul at the Wortley Iron 
Work.s on wroughtdron and steel plates eontainiug varying amounts 
of carbon, 'I’lie pla(«*s wert* immersed in scni-wakw that was ehangcnl 
monthly. It was found that lln' lower the ja'rcenlage of combined 
curlnm in the metal, tlie lower was the eorro.sion. The best wrought 
iron corrotlt‘d less than any of tin* Ht(‘el.s at any .stagi' of their expo- 
sure during the one Inmdrecl and ten wcx'ks of the test. Wrought 
iron (hat «'onluiu(‘d double the usual amount of phosphorus and 







J.U lUiy (if the slri'ls, maii,siitiir‘'r in vwr-^r^ Iruilol |.« niKtiufr nit 
incrt'USfil (‘urmninn, t'viilfully I'rttUi \\>* uur»jnal «h iul»niu*!i nsnl 
tlu' jii;!ilvunu' iU’lhm nii tin* {nljtifriit im-ful. 

On llu; wlitiln, from llm ut.ntty rojiMric*! m-i-- *4 rut im. .j«tn in all 
))ar(H of tlu^ woiiii, lliul ini-lmic !«i;in\ i|nnlstu-'’ *•! « n- i nun an<i 
\vrtmfj;lif iron that hast' lia<l a}tjiin\)nin{i' im iIju!\ nr 

niorn years, it fipiieam tiuit hai'i! rln -.r tMasncI aij.l < Lillr.l ui<ii aii* 
less liahk' to eornule than any hniiai* <>1 HMtiri liu tal i’i'''M'mrr, 
ti|)('n”hearl li stet'ls, al^o .Nteel ea>liii^V' tm • !!tir!ii!al w<*tk, lia\e 

not. y('t liiul lime enough in anoiil mans rnnii|iitn -'nn ui?h rat-l* nilu-r, 
or with east iron ami uriiU|»lii irnn. In prio** ttlnrli torSal t'. tlir tmiNi 
alTeetetl by eorrosioti. 

It is left In llu* futnrt* lo tliwolnp muiui* alloy n| unu mr sinri fimi 
will nMuril if not prevent enmeanu, while nnf ntatenalh n-«lnini|f 
I, heir H(r<'n)j!:th cir oilier qnahlie.*'. 

'riu‘ (aanpoHilion of wronylit iron am! the pmeex »•> ii e. atbj -tirtl 
(o l)(‘l.W('en (he bloom ami liuif'heb ntlule haie a |.Mtaf etlei-l Iti 
il(H.i'rniiut' its rule of eorrosion. lr«'n eoninunni,.' ■•nl|.lu!s r- letl -'hov!, 
tluit containing pluwpimruH i^ eoM ’^Unrt Hnili .Itller m eurro-a 
bilily; (he cold short is the one le>s nlleefeit!. benue iiuider nn«l more 
erystalline in composition, while (tie red iia she ailphiii' ele 

meni (o aid corrosion. Xentrfd iron made from iB.ih *4 (he abo\e 
brands has a dilTen'id rale of eorrn^.inn than either 

T1h‘ same tpudity of iron worked in (he toll., in the ime r>o»* Iwah 
lcng(hwls(‘ and crosswise, to prodnce f^heet or phite ir«*n. difTei-. in 
corrnsibility from llin( workn) prineipullv in tan* direef imh, le. in 
lilt' cast' nf heatiiH, angles, and tilher ’’trnetnriil .hape^. VII >4 ilie 
luKer ftirniH tend to dislnlegrate hv eorrodjms intir, trip-, need!*' 
f>r fihron.M form, owing to tlu* granular ehameter of the iron bi'tiig 
changed by the rolls into jmrallel (Ibn*?*, that are mu iuierloeketl 
as the croHs-rollhig nrrfmgt‘s them, 'fhe corr»etMii ui»led bv the 
cindt'r follows tin* grain of the metal d’he eimler aeid and ptroim, 
and only in meehnnical ImuhI with the iron bv rejs>.oii of the loiiim 
of the rolls. 


(lu‘ rdlls. I'.iKUiffh, m fact, 

1«» .show n inarkiHl dinVrciua! in the 
cornisitiu of llu’ Uvo products, when 
lli(‘ sanic iiuMal. lioilcr-t.ulK'. 

Mki'lps, inad(' from a hedU^r 

(luality <»r iron, or luiviu^ hvvn rm 
littcd Ity a furl her working!: of t.ho 
same /;'rade of nu'tal, by havinjyi; had 
SOUK' crosH-rolliu^!; hebin* !)eiii^ made 
info skelps, art* less ulTected by ('or- 
rosioii than ordinary wrought -iron 
pipes, d'lu' arger si/,c‘H of ( lu'st' pipc^ 
bi'itig made from long rolled skedps 
and lup"\veltled, instead of tady wcdih'd, 
as in the <'ase of small pipes, show in 
the welds a less eorrosibilily than in 
the body juirt uf the pifu'. This is 
due to lh(' adilitioiial eomUmHation of 
the (ibrc'M at tin* welds; als(» there is k'ss cinder in the lap-weld. 

(‘old ndled sluifting and rods are reiulered more dense by the 
rolling prtM’fw, ami they arc* lew alTeaied by corrosion than the bars 
from which th(*y arc* eold-rollt‘d. The proews idso increases their 
tensile strength, ('(dtl-drnvvn win* also presents the same features. 
A win* mnl corrodes 1c*sh than a cut nail, so docis a hammered or so- 
enll(*d wrought itail. 

Polished iroti and stes*! tools, Hvvord-bludes, razors, etc., resist 
eorntsimi bettc'r than the satne article's ground, but not polished; 
the* improved rc'siHtanee hc'ing due to the Hurfaee not having so many 
small cavities to hold any moisture rc*ncirmg it, beeanse of the con- 
deHHed nml repell(‘nt nature* of the s\irface due to the txdishing. 

Burnished Htirfiicu'S resist cnrroHiori and are more repellc'ut of 
inoislnre than polislusl oiuv; but, if eornwou is once (established 
on them as a sjtot. it appears to eonc(*ntrate an energy to produce 
a dc'c'p corrosion, that in diflicnlt to eradicate*. 

Uivc'ts have a elifferi'id rate of corrosion bc'tween their heads, 
or pennfs, thati the* body of tlie* rivet, (kirrosioii of a riveted joint 



'Plu' iiusuility tif iiii'inllit’ imu in thf ri-!siit‘«l limuslfi i» |PJ.,S 
})('!’ ('I'til, In fiiiiMiittii bur irnii it in !is tu .'I jwr md. In Mrsiituiry 
tiusl- iron, jilinut Ull.ri per mil! , !i*nS 2. a iH’frrtil *4 iir.'jpiutjr I'urlMiu, 
'I'ln* pnrn>ity Ilf vnluiiif ill iirdiiuiry rii.»t trmj I, -I! fn-r rrni; in 
(linVrtMil kitiilM Ilf h(NMi‘i(HT fi ll {•* I |»*-r vt-ui. In « 

nuitivt' lin‘ iui^nt, 0.57 p'T I'risi. 15»r n liiird tir«\ II, OT |«'r I’s'iti. 
In u husirdnm rail iu|fut, 1.05 ps*r rriii. In a iiiR«a, l.’i2 

In 2.17 pt'l* I'l'lil. 

.\t !Ui immuO cnnvcntinu uf tin* AiiH’rin»ii lt!*sltls!l»’ *4 Arrljilrtia, 
in (I disi’n.'^.'^jnn mt tin* n?4«* nf ir«»fi itin! iii ihr i-HinOrurlinn uf 
iiuitlnrii IniildinyH, it wi»m rr|Mirlr<l by mir irf list- licjnliiin arrlii* 
■fct'l.s in Ihn riiilnd Sinter fimt llir imu frifi»»i.‘r«| by j»iin Croin 

file nlil TinitH liuiltliny, fhimi.th in uw l!iirlv-in‘r ynirf*, 

I’nltcii willi viinI. 'riii'V w«*n‘ riirlinii'd in i-i.iiltt mf l*rirk««*rk, 

fnrniinf^ llin nrrhcH that hnnj«»rl«*«{ tin* fsiivi*f8i»*nl ««vrr lit** vintll 
when* (he .Htenin-lniiler.H wiTe plured, a!i*l thi»si|t!t iihvina »irv, 
luul been expused tn ordinary !ire-r««»}n ’ilnn hml bit'ii wrll 

jminled with imnoixide painl» and from rxi^rtud nmUtnre 

iiy an aM|ihaU I’nverilits. 'Hie in«n raiin* ofT in strips, rlearh' »liinv« 
(hat till' niMt liad fnlhiweil IIm* liimination «d tin* iron, the ueli 
<if (he nit'diTH liein^ Mil rulti'ii an t** !«* l»f'oki'ts l«y ilw' lini?etf-i, 

Ot.hel* ('xnlnpli'M nf sidewalk brain rnrr»nd«»ii iirr I'lvris on p«ite 200, 
Ant'hnr-.sliiek.H made froin hmnmrrw! iron idttin » «!i«»iv rorr*»» 
Minn (hull eahle linkn. In Unth eiwets i»idv the iiewil qinility of iron, 
tha(- cnnlainH Imt a Mumll puantity «»f rindrr, t-i epiploywi. I1ir 
link eiirnwitin in in the form uf Ktrifw, fnlkmiiii.' t!i«* hbrr of tiu* iwrijd. 
while (lie unehtir-Htnek Keuernllv in u rMinpriri uridr form, 

A ililTerent rate nf eurroHi.iii vxinln in the ruble |ii»k» iil fin* wsd. 
thiw are welded fnan tlint »hnwii in the 11jr ir»m in ,*r tirur i!ie 

weld Ih refined and iimre tliaim, td«» hii.« llir inirritirrd all 

thesi' pninl.'i have a teiideuey tn drliiy «*urr*wi««ii. wliirft In nmm riipid 
wiuTe the (ibrert an* undiMtiirbril by tin* Imtiiiiiirr, 

Tnnnvl tAhirhin miti Hubmisrinr Mrbil 

With (he reenrdi'il inK(ann*.H nf thr rnrrtwimi nf and fitrrl t« 
frnm, it inav la* iiertineiit in itj^k . litiw telll iti.. >a.>.fui 


when completed, these constructions have a small margin of strength 
above that necessary to get the metal into place during construc- 
tion, and none at all as a reserve for the loss hi strength from the 
inevitable change in the metallic work exposed to sea-water, which 
begins just as soon as the shield is in place; and in the case of tough 



Pig, 48. — Corrosion of a steel plate frora the Washington Street railway bridge 

in Boston. 

close-grained cannon metal, has been ascertained to be at a rate of 
about six inches in one hundred years. 

The lining plates and ribs for tunnel-shields are seldom over 
three inches thick. The different sections of the shield utterly pre- 
clude any material strength to be derived from their circular form, 
made with bolted joints. The bolts holding the shield sections 
together and to each other are relatively small, and will be the first 
to yield to the effects of saline corrosion. 

The brickwork or concrete lining of the tunnel, however thick, 
or the thin coat of partly dried paint, will not protect the shield 
metal, for any appreciable time, from the change to a plumbago-like 
substance, which does not require the presence of air to produce it. 
The passage of railway trains through the tunnel will set up an undu- 



IliiWt'Vt'r Nll'nltg SUt’h lUCM.'llIlf nn*l la;r..4|!} hjU'ii 

Hlnu'licms Hi’t' wlu’ii driven iinuiiidi **<rk m m i!ui«n|f}( 

sul(. Wilier nr ihe Mtlurfileil aid u| >;il! !li« i jur Ih,- 

tn'iU'Iiel'ulIH iuul diUil'ernilN nf .nil eln'nieri mr; dewier' u{ runeenetl, 
iilTeeliii^ (lie Ii‘iin.'^|i!»rtiilitfn .nnd ’ijilef) nl tie- 

.Meliiiru! nnll.H niul i»eid> in wjiiei infrsrnu flu- nnrMHiuit j.f nil 
liudills e\|H)f^e(l (u ifieir iuiinii eiflier !»^ -sj ni eniideunn- 

(idii iif (lu* Vii)itsi'!«i frciiu them. ‘Ute ineiul w»nk n! smlwjii funiu-l-'* i-i 
(liiSiist mn^iy iilTecUn! l>y (he rMndrie-ie.l t4 '.nl|*!inri»n'‘. }m»l ejir- 

hotiit' lU’id iind (he nini>!m'e dne !*• ’^'uelt iMt-isi the euiiti’diin 
(if (lu* liH'iidH deel'eiedni' l!»e re-^iHinnei' nf the wnU-i l*«\Mifuie riis-ui!’% 
(hin t'tirrnsiun hy li<|uid.‘* In’inr? r,*»!tiiir |4je«»«iiieiii$ in iill m^ie-*, jukI 
in tunny ninen in inlen^ihed hv (ia- niMit^inte heine in thi- hain uf 
drtipn in.sieml nf heinn tniih»rudy /’pietid »»\rr ih*- wla.le '•ijrl'jiee. 

'I'he eu( (Id^. -hi) fruin the ittiiirmiti \M'^i*ijdiet ’Jd, 

ISh'l, rt'iiVCNenin n neetinu uf n "it'venfv >dv jmnnd ter utsl i.'dd 
in (he Musenncteuiijf; ■'runnel, iruuuved niin tueuii! Isdd 
five yeiU'H, luiviiifj: Iu.hI mure ue!|,*ht e»»u*>'nen thju! ttenr. 

The tlu((etl linuM r*hu\v the «»rir!:innl .Hi/.e u| ihe rtiil. Jind 
(he full litieH i(n jireneid wurii 
iilid eui'ruded nij'.e, which in vrrv 
mnrked. 'I’he rniln were remuveit 
(III neemud nf (heir rdreiigflt hnviniy 
het'li Herinilnly nffinded hy the eur- 
ruHinii, TIu' tunnel m very dump, 
find n gr«‘ii( deni of Hund in uhihI 
hy the eiii^inw, which kept tlie 
hiiHe nf tlu’ mil envered, the 
vihmtinn ciuihihI by the piwfiiige uf 
tlu' tniiuH having a (eiidenry tu 
remove the thin Hcnle of nwt fdniu.Ht 
iiH rapidly tw It could he funned. 

There wub hut little iippunuit dif- 
ference in the corroHiou, wheiher 
betwi'en the croMH-tien or where (he 
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almost motionU'ss Tor twc'lvc lunirs per day, and though the accu- 
mulation of (‘arl)oni(^ a,(*id is rapid, a,ud a part of it is absorbed by 
tlu' grc'at (luantity of water ■i)r(;sent, the air is almost imrespirable, 
a,nd c.ausc's a grcait (h'al ol' dislrc'ss to the workmen, and the corrosion 
of a.ll metal-work inside' tlu* tunn(!l is veay ra[)i(l. 

'Tlu' wal.i'i' (hat l.riekh's down thc^ walls of the tunnel is the conden- 
sa,(ion of (he' exluuisl, gas(‘s from the', loc.omotives. It contains sul- 
plmr('l.(.('d hydrog('i I, sulphur dioxide, ammonia, and carbon dioxide, and 
ollu')’ c.ond)Usl.ion gase's. 'Plu' rails are re'iiewcd eveay ten years, and the 
t('l('gi'aj)h cabh's in (lu' tumu'l re'eiuirc' ('xe'.ep tie )na,lly strong wrapj)ings. 

In th(' IK'W Simjelon Tuniuh ()1,71S feet long, forced draft is 
proposi'd, re'ciuiring over HOO H. P. at tlu^ vcaUilator shaft. The 
fans re'uder an ('Ib'clive' duly of (>5 pe'r ('.('Ul., 17()0 cubic feet of air 
])('!• sc'cotul Ix'ing ri'tiuired for veulilal.iou. 

In ge'iu'ral, llu' corrosion of nu'l.als in tumu'ls where the rails are 
beddt'd on casl-iron chairs is ri'pre'se'Ute'd by cast iron, 100; wrought 
iron, 121); s(('el, 133. 

In (he Arlbe'rg 'rmuu'l, 33,5X7 h'l't long, the corrosion of the 
rails and other nu'lals is so rapid, (hat (la'y all rc'ciuirc', renewal ev('ry 
(('n y('ars. 31u' corrosion conu's principally from the condensc'd 
gns('s of (he locomo(.iv('s, though tlu'. trallic. is light and a good ({ual- 
ity of coal is us('d. Tlu* (enpx'ral.urc' of tlu' tunnel remains almost 
uniformly 75® I*', throughout (he year. 

'riu‘ amount of fia'c sulphuric acid in tlu' exhaust gases from tun- 
nel locoiuotivt's using a good (luality of bituminous coal has been 
found to b(' about. 5 pounds jx'r hour, varying from —0,3 to -I- 7.0 
per cent. 

Ill a tunnel in l''rnnet' 2S,5() h'et long, where but little water came 
through till' walls, the 7.S“pound“per“yard rails wi'ri' re])laced after 
tlu' pa.ssage of 230, ()()() trains at a speed of nineteen miles per hour. 
'I’liey hud been eleven and oiii'-hulf yt'ars in si'rviec' and had lost in 
wi'ight ISJ pounds, or 2-1. 1(50 pi'r cent per yard. The corrosion was 
general over their whole surface, but the rolling action of the wheels 
on tlu' head ineri'ani'd tlu' corrosion at that point by keeiiing the 

tirWiftil KtMtf*!!! fttvtfl flwi YMIuf ft U ffiui flU r/fl'YYWn#! 



irom tu’i-oiii jMirti-u auu lU'inM iiuiiiMiUM, iuuiHl uy JUbeil- 

siryiiig llu* action. 

'riu‘nuo“('l(>ctri(‘. c.urrc'nts ui-is(' from clmii^os in temperature and 
H('t np voltaic action which, th()iij>;h slifilht and not easily detected, 
will ('nlarfi'c all fissures, cavitic'S, and seams sullicient to saj) the 
strcnji;th of tln^ nu'tal. 

Dr. Henry VVurtz* proposes an (deaitro-chemical iwooess for 
protectinjj; iniiu' nu'tal, by cennu'ctinf*; all of the fixeel metal in the 
mining plant, as tin* lU'gativc' ('h'lnent, with a, dynamo of sufricient 
force' te) e)Ve'rcome' the' f^alvanic. ene'rgy of the' snrfaeu'S wlu'ii e'Xpe)seHl 
to the' miner’s e-orrosive' liepiids, the' peesitive^ te'rmhial te) be con- 
ne'cte'el to a mass of harel e-oke' in the' mine' snmp. The'se e'e)nelition,s 
vary but- slip;h(ly fre)ni Iheese' e’.xistin;;' in eishi]), anel it is ne)t im])rob- 
abU' that beeth syste'iiis e-eeuld be* inaele' to we)rk e'ffe'ctive'ly. 

In a numbe'r e)f insbince's whe're the' whe)le' system e)f niining-i)i]X'S 
re'tiuire'el reiu'wal e'Ve'ry twe) ye'nrs, ce)rre)sie)n was e*e)m])]e'te'ly ste)ppcd 
by ce)alin}i: the'in with an ename'l in the' folleewing manner: 

'Plu' pipe's we're' first. |)ie'kle'el in a bath of hyelre)ehle)rie‘-ae‘.id solu- 
tion te) fre'(' t.ht'iu freim the' fonnelry scale, then washe'el the)re)nfi:hly, 
anel drie'd. 'Phe* pipe's the'ii re'ceive'el ii ee)atinj 2 : of .‘14 parts of silica, 
2 parts e)f se)ela, anel 1.5 peirts e)f be)rax. 'Phe'se' were inixeel in 
a little- wale'!* anel the' pipe-s e'Xpose-el fe)r te'ii or fifte'en miimtes 
in a elull re'eldmt reteert. A seceeiiel c-eeatinfi; was ai)])lied, ce)m])osed 
of :M parts e)f felelspar, It) parts of silica, 24 i)arts e)f l)e)rax, 16 parts 
of e)xiele e)f till, -I jjai'ts of fine)!’ Spar, t) i)arts of He)ela, and 3 parts of 
saltpe’tre, The-se were melteel te))^ether in a crucible. When cold the 
mass wa.M Kneunel to a fine' paste in a little water and applied to the 
pipe's with a bi’ush. '^Phe ])ipe'S were- then e'Xpe)se'd in a innfllc to a 
white* heat, d’he' (‘uamc'l so fe>rnie'el the)re)nf 2 :hly united with the iron, 
anel has pre)te*cte'el the* pn)es feer ejver forty ye'ars, and they are appar- 
ently in a Ke»e)el ce)nelition noW'. 

Thi‘ Jaiirnat of thv Sacirli/ of Chmiml Industry (T.ondon), Febru- 
ary 2,S. lSt)'l, details sona* experimenlH upon the galvanic, action of 
Hea>vval(*r upeni irem anel steel Htrnctures in various relation.^ with 
each either, as couHlructive parts of trusses, be)ilei*H, etc., to prevent 
the ce)rre)sion. The use e)f zinc anel either easily oxidized metals 

t Pn viUvf'cd and connected to the 


0V(' I’- 1 IK'S! 'Ill f-'nivniiir t’liruu. ;uim I't m s>*u 

ilit' sirui'l urt‘, nr ul uii! tin* rMuiUii,’ n* it.- lus ‘Bmij «4 

U'l'l'um. 

TIh'sc iirnd'i'iivt’ franircH. jirM|u»>.r.| f».r il!*- iuit-nsal jtur!,'. i.f n 
Hllij), till Hut Upply til thi’ pr«»!ri-!lnn mI JIh' JUtair -. ulil'h* 

tut ('lltifl'ly llt'W M't (if ciilsiln imr* ;U«‘ m mhujj.* i>* llsi- UliHsiT* 

OUS rivets einployeil In flu* platr’-* nis*! !•« thr IsaiiH’-H, 

anil whieh are iH'i'e>*i^!i!'ily uupti»!t'r!r»i lUr laiitsy i»f 

cnrriisidU herein luentiuneil. 

Pl'iiressur \”. H, I.ewe'i* nf ihr ||nuj| I t ieh, 

Mnjjflunil, at ti reretil tueelini* ««f the NtHfjinfe *4 .\irlnteet.;i, 

hiiiiiliin, atates: 

"'j'lie rnsting uf imn nial ?4rel j-i n rltnuiriil 

(lue (ii the euiijuint aetinu uf nil', iui«e4ure. nsi*! i-.iilwat tisii*\i.|e »t|M«n 
the tnetal. 'I'lie iitereaHinj rate uf rlii-jsurnl ael8M!i iln*’' fn 

a liieal iniTease nf teinperalure in4irriEl«Ir, ati»l he «itn* fit 

ffalvfUlii' JU'tiiiu set up hetwn'it pnrtixie! <4 i!t«* ’>aiue inrfjil ml ihllrj' 
eiit temperatures. 

“It is an umlnuUletl fuel that the ilunUIr Uuinm «4 'lui* piaies 
near the hnileix eorrntles futue rnpi«lh ilmn ’lumhu jil.iie". in uilirr 
parts of the vessel, aial the ineiea-He in lempesature m-iir tlie lintler 
is the only hietiir, 

“It is alsi) nntewurlliy that the pliitn*^ nt the !«»llnns nf the eelhshir 
Hpaees whieh are kept enu! hv ei.ninii uilh the M-n water iml 

ftirniile; anil eases are nnteil in whieh pnrt.-i *4 a plnfe. whieli r*et 
Ideally warmer llum niher parts ajthuUKl* the • lilTrt'eJsrr r’H* nl«h Is* 
a few tlcKrees etirrntle mueh mnrerapuUv than the e.M.ler pi.iii..n. 

“ ICxperimentM .mIuiw lhat the rnpii! h.nu.l m the .li.nhle 

botlnms near the huileix ur ulher «tiurrnH *4 heiit, in 4tie f.. r-ihniur 
aeluin, anti nut tn the Utereused rheinienl nelinjiv iltir ’.isuj4i, In 
the inerease of temperature. An the anlts*. nr,. .Innui nml »|neneliea 
with sea-Wiiler near lluw exptweii plHl(.*i. mi dmiht mtnie i.f the ruiru.. 
sidU can he traeeil In (he pmes thus fiirmml; the .Milpluir in the ii.nhi*?! 
alsd e.tml.rihuUn|f Us elTm'l.'' 

Mr, Willuun TIuimsun, F.U.S., n’lnl ii pn|MT «*n “'Fhe liillueisre 

* A nntH-r mul at llie thirlietli Wfwittll llll- Sul tJ \ 
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of Some Chemical Agents in Producing Injury to Iron and Steel,” 
before the Manchester Association of Engineers, November 25, 1893, 
in which he refers to the interesting and exhaustive experiments 
made by Mr, Thomas Andrews, F.R.S., on the galvanic action which 
takes place between iron and steel, and between iron of different 
kinds and steel of different kinds, viz.: 

‘‘The galvanic action between wrought iron, cast metals, and 
various steels during long exposures in sea-water.” Institute of 
Civil Engineers, Vol. 1883-84, Part III. 

“Corrosion of metals during long exposures in sea-water.” Insti- 
tute of Civil Engineers, Vol. LXXXII, 1884-85, Part IV. 

“The relative electro-chemical positions of wrought iron, steel, 
cast metals, etc., in sea-water and other solutions.” Royal Society 
of Edinburgh, Vols. 1883-1889, 

Mr. David Phillips’s paper. Institute of Marine Engineers, 1890. 

In the above-named articles Mr. Andrews shows that while some 
varieties of iron and steel remain constantly electro-positive or electro- 
negative to each other, others change, taking opposite positions toward 
each other, while others again change positions constantly during long 
periods, these changes always producing rust^ 

“It can be easily understood that while there is no material voltaic 
action between two pieces of steel or two pieces of iron, or of pieces 
of steel and iron, there may be conditions on the surface of one plate 
or rivet which may act strongly as an electro-negative element, and 
produce rusting on the metal in contact with it. A piece of iron 
immersed in weak nitric acid begins to dissolve at once. A similar 
piece placed in strong nitric acid, touching it for a few minutes with 
a piece of platinum wire, and then putting it into the weak nitric 
acid, will not dissolve, it having been rendered passive; and simi- 
larly, there is reason why one piece of iron may act electro-nega- 
tively toward another piece of the same metal, on account of some 
slight alteration of its physical properties, by hammering, such as 
closing the riveted seams of plates, calking seams, setting tubes, 



Govorninclll to fho vsta-'-r I«| iLr m! flu' Itri.luf, 

ropoiit'tl llint whcro I'nh'i iMtu .-sjiii h«-n> 

by riv<‘tH in IIUUI)' pnr!.!- of lljr ■•inirfm* wrl*- Ui fliin 

one), llx’ rivc'f.'^ {Util colHti'fflUf' wrmirb* wlst-rr i-MSiUrsirij 

to tin* fast 'iron iui'Utln*iN i»! tin* •uuiiiuti- u i-luinfr. , -.itnu- 

(h’t'ls, t'ti'.l, lutil l*tirro«lt'<l tt« HU S*‘ tlif 

of sttibiUly by tho lin'iil KJih.usu- iio lr- u.jUir.l .d soni.rrtns’-i 

ill llu' alrul'turo whort' thf !tti» Uicliil-' ttrSr 351 sMiilini, ’iu»| I hr f'«»rrit- 
HloU tllUa tvtilbiif'lunl sbr r{Ua^*f «»! ibr .Irur-ln 

Mr. St. ilnljn htiy. iu .a j'rH*l Iwi.*!,- ih,- hr^tiiuiiMSj t.l 

jua'i'M HUil Shipbuililora, Sfoii;in»l. I ’a;sfr*l ilsjjt ” ila* 

1^-itU'll thfUllt'tor b-iillA latjiliuif llir |5»"> !•» llsr j»s!r»: fits flir lisi^ 

Wt'l'f ."^O corrttilt’tl thsil fhfV ttiHllil IsHir l*» in- Irphu-r.l ri rS t«» 
aix ycaiv. Soiut* «»f fho bull'- Mr!t«* !«»ii}aii |m I«- Httiiv {«» 

oiu*-h!tlf of tiiolr o giaal " 

'i’lu' Sfotlniul Htinri! ttf ‘rnub* ui«h tin- of 

cuHt-irou foliiinUM with wnou^hf m*a j-olmou-i «•! ni-^ 

'l’h(' forroMivo Hftiita fatlifoil iu itn* n\ »•{«•,{ trrisMjr^ *4 ihr tnlxilar 
britl^o oVtM’ llu' St. busrrltrs* Knur nt t’;iu»»in. }t!« jSr<( 

to hi'fiirt', nwanbliag Fij*. .'tit, fhiipirr \\\IU. \\iv> «4 .*» '.utalsir 
imiiiri' to tilt' aiiovt' oxiuaplt* Iu tlijH rn*H-, wlulr ihr rMrr»»n8i*u uu-h 
of iilauiHl imparallt'ltHl uaiotiui {ttai »» ihr wIiMlr '.irtHiorf, 

tht' rivota tliat iioltl tlio liimr Im'iuom {MuI irark '^lujsi.'rrs iis plata*, 
luul wt'rt' untlcr llu' ?*lmiu {ui«I .!^tibjr«i fi» \jl*rafi«*u jiml 

HluK'k frotii tlio pawiius ttf tho mthuty fraiu?*.. \%vtv thr j»»»-t, 

tliouj^h till of Ihtw piirtw wru* (if uf«*u|fl!i iri»u u* wr«*UKl«f irMU. l*sit 
Viirlod iu ([uality from coimutiu inui i«« rfliurd loai 

All iui]>urtnut tpit'Mtiou prt"’t*ut.*'» itM'lf u* iHsilrr loukor*'! ■ uhothar 
it Ih Haft* to rivet attH*! plait's ft* ir«»ii platrs in ‘'.iriiJit Knlrit., isr rveit 
ill other eoUHtruetiouH, piuiinilnrlv tthere r\p»«r«l !*» trmprra- 

Snrictv. A'ol. XIH. p. fill; Vnl, Xl.lV, |. IX*. V.4 XIH . |. n*u. »i«! V.4 
JJT. p. HI. 

"Oti (he ('(imwltHi of McIhIk in S«*»t-4v»!rr " 
bon of (Ivil Knknteew fKiigliHlil, \*»tl Xl.XXlI. |« «i«l \‘*-l l.\ XU. |» 'Jhi. 
"^riu' AetUm of Tidnl Sirentos on McSjttR ‘* t'rbrrrtiMl Iti«li!tr 


v*w MLxv.j iiwYv vniiv j V II.U <tun;iur> Ml r^uuui. uu tJilUii 

otlu'r, Mr. '^riioinson nuuU'. an (‘.kIotuUuI series of ex]>eriineiits, using 
a Thomson’s tangenl, galvanometer to measure the electrical cur- 
nmts g('nerat(>(l in tlie corrosion of iron and st('el, both singly and in 
eomu'ction with ('ach oth('r,at\d wlam immersed in different fluids, viz.: 
sulphuric, acid (oiu' part to nine of water), caustic-potash solution 
(specific gravity, l.dll), and chlorid{H)f-ammoninm solution (specific 
gravity, l.Odd), tiu' latUm n'presenfing electrically the ordinary con- 
centrated water found in sf.eam-boilers. 

d'lu* (U'tails of tIu' ('Xperiments are important, but I will give 
only tlui rasults obtaimal, viz.: 

“ Wlum an iron rivc't and a piece of tlie above-mentioned corroded 
steel furnace plnt(' were placed in contact and immor.sed in the weak 
Hulphuric-acid bath, at first the steed was electro-negative to the 
iron, but in a f(‘W moimmls it change'd, and afterward tlic iron was 
electro-iu'gative' to tlm steed, Whem placed in the eddorideM)f-ammo- 
nium solution, at first the' ire)n was strenigly ede'ctre)-pe)sitivc te) the 
ste'e'l, and uftervvaril be'came imihti/ cde'ctrej-ne^gative. When placed 
in the' caustle'“potiish solution, the' ste'e'l was streingly elee!tro-j)eisitivc, 
but the' current gratlually bt'came we'akt'r and weaker until it practi- 
cally e’e'fiHe’d, A lU'W ste'cl rive't in an ireni ])late, a ste'cl rivet tde)sed 
by a machine and held unfil lu'ariy ce)lel, an ireai rivet cle)seel em a mild 
unworke'd Hlce'l plnle, all re'aede'el strongly amemg themselvea. The 
iron wlu'n first brought iid.o veiltaie* ceinhict with thei steel wasstremgly 
cd('ctro-pe>silive* (o tlu' .‘^te'e*l, being pre'sumably strenigly acteel upon 
by tlu* sedulion, but afte'r a fe'W minute's ninmst erased aetiem or 
be'cauu' re've'r.H('d ; and se> far as the tt'sts elememstratoel as a whole, 
it was ft) ihe* c'fTt'cl that it was tjuite as safe tt) bring iron and steel 
in ('lost' me'fhanical font net with t'ach t)ther as twt) difTerent kinds 
of Hlt'el or two kimis t)f iron, (forrosion was tlevele)ped in some 
degrt'c in tiic' contact of all different metals to eacdi other.” 

It is cited lliat a number of teirju'do boats e)f the French Navy^ 
that luul be'tni constructe'd within ten yeaix, anti that had not made a 
thonsand knots of se*n service, were ft)uutl tt) be so coiToded at the 
water-line, though well ])aintetl fre)m the first with anti -corrosive 
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paints, they Inul tn be (*(itnh‘in!inl tnr M-rxifi*; \Uult* Kfbi'r liuals of 
th(! saiiu^ clnss that bail iji'Vit bn-u in Imj hail laa'ii 

laid up uiidi'r (‘nvcr, laid, as the n-purt "ralm iljnr uuii bfadn 

olT by corrn.siiin,” and wcri' t’undriunrd li»r sin* .••aiuf ran r. In iUpm' 
case's till' ciirrnsiim had lircn in prn|.'i'«*'> uudn* ilir paini fi.\riun>, and 
Bliowcd lait lilth'sijin nf il> t‘\li'ni nr uniii ihr |4a!r>. urre 

HO c’orrodc'd in spots, many nt' iIh-ui n| laiar aira, that tbr Itaiunii'r 
used in Icslinf*; llu' plain.'' lu’nbr liirnujtb ihr 'km »•! ihr !«na!.-. ninlnr 
the elTi't'l of blows that wuuld n«it dji\r a nail min a I'mr l.int k, 

'I'lu' use of anti-euiTosi ve nr anti inn!nn» pasnl . mniamme. ’’all.M 
of any int'tal, is attended with tlie jofafr ! dainn-j in ihr fnated 
HlriU’luri'. 'I'he.st' pi|fnients are evtrenseh '-en-iiur n* the pie-.enee 
of salint' elt'ineidH in lnni^lure. their nefinii bmir lapnlH «!e»-;nhe 
portion.s of the iron, and in depuNSl !}»• nielal 11, bu ll flse\ etaifain 
upon till* surfaee of tlie plate>. an«l flit-r i-^rsisn}' eneij'eiie 

galvanic action, cause corrosion and In nu r\ifb ulariumK 

ra])idily. 

Both mercury tuid copper salts are nflrtidej'.- m tlu nn\. Imi 

COppi'l* is by far the more n|tjertinnai>le, llnm lltr Un f ibul fiir 
formed by the action of the sea water npno tin- en!fiij...5m.!-' o-.ed m 
the compositions are far more snhible iban flsr rnur-spnjj.lnsc sniis 
of mercury, and are l!n*refnre liable in hr pirn-m m murlj iaii'er 
([Uantity, and sn I'scrt eonipnrativelv a linsrli jumji- sfijtitmHs netinn 
on the plates. 

;\,.s an illustration of fhi.s, (wo et|iin,l pMsfiMijn *4 «.»!«•»■ wrie 

Haturated, the one with eopper ehinrule, the wiib Uii-ieune 

chloride, and into each a piere nf *.feel planed «i|.nii ..ii,- -,1,1,. .ij„| 
iibout ('([Unl weight and si/.e. wn.s plaeed am. I leti !•■! i-.-sj .iaws ..\l 
tlu' end of thw period th«* two plafe.'^ were reiisn*. rd .m-l aif.-j luafig 
ch'aned and dried, were again weigbed, wheii sf w.s-. thai tin- ..ue 

cxpnsi'd to the copper saturated «ri» tt-iler Imd pn rrui m 

weight, while the plate expof.ed to the iiietentia! •••■.. l.iimij b;i,| ..jilv 
lost 3.() jier cent, thi.s being due In the laiip-t ,4 ihs* 

ooiipcr salt Hnluble in tlie sea water. 



jcou iulwaru, isir iNatnamei Jriarnabay, Mr. McIntyre, and othei-s 
also suggesting various plans of attachment. In 1888 Mr. C. F. 
Henwood read a paper before the United Service Institute, strongly 
advocating zinc sheeting as attached by his system. 

When the galvanic contact was small, then the sheeting had a 
certain life, but afforded hut little protection to the iron, and gradu- 
ally decayed away in a very uneven fashion; while in those cases 
where galvanic contact was successfully made, the ship on several 
occasions returned from her voyage minus a considerable portion 
of her sheeting. 

Another drawback to the use of zinc sheathing is one which was 
found when it was used to coat wooden ships, and that is that sheet 
zinc, like every other metal, is by no means homogeneous, and that 
for this reason the action of the sea-water upo it, leaving out of 
consideration galvanic action, is very unevenly carried on, the sheet- 
ing showing a strong tendency to be eaten away in patches, while 
the metal itself undergoes some physical change and rapidly becomes 
britt e. 

Attempts have been made to galvanize the iron before the building 
of the ship, but Mr. Mallett showed, in 1843, that this coating was 
useless when exposed to sea-water, as in from two to three months 
the whole of the zinc coating was converted into chloride and oxide; 
and when, therefore, galvanizing is used care must be taken to pro- 
tect the thin coating of zinc. In any case the galvanizing must be 
done after the plates are riveted up, as any break in the surface 
would set u^D a rapid wasting away of the zinc, and the process could, 
therefore, be only used on small craft. Fresh water has less action 
upon the zinc than sea-water, and for this service galvanizing would 
be attended with some measure of success, the rapid wasting of the 
zinc in sea- water being due to the salts. 

As has been before stated, if plates of iron or steel and one of 
copper be joined together or placed in communication and immersed 
in sea-water, acidulated solutions of water, or of mineral salts or 
oxides, the ferric body becomes electro-positive to the copper and 
is rapidly corroded. The corroded metal is always found in com- 
munication with the positive pole or current of electricity, the fluid 
soon becoming red from the rust formed. 


tiill lUlU I'H'Ct rn'"|u*hiu\ (*t iniu ru!Uiirs;ii l lui n in.iri, {tin ull 

nllack tlu^ liuiU'i’ iiu'fals, 

'I'Ik^ Vdlla^t' in (his fUM* i-- iH-liisfi’t, uTMj-ui/.jltlf uii>l fvithiitiy 
iiUK'h tlilTi'rcut. from the InNiuncf-. riu-4 In Ms. .»« i.l' mrlalH 

iiniU'r st.rahi tiiily. In isiir fa t-, it w.r tmv mIuu. ctinuHjnu 

was iimrkt'il ami ihiMMirnaii I'lfu -.(rniirri a- i!.r rm i«* u.ji 

Krosli wafer iiml snliUinnf’ (»i!ut Ihau “-vn u.ilri, an' 

enrroHivt' aKaals (n )inih'r>, tin* rnn«*Mi«tit mI' wlni Is V- rtMlrrlnl 

ami nHuha't'il nil, by (Im laa* nf % »«r s-anf /mr 

plaios. .Ill aid linilt'i'H UNinj,,' fn-h I'r 'atll wain, lla* ritji.s'inu in 
profjjiWH is iim'slt'il by (la* m.r i»f th** a-* nay 

apprtH’lablt^ atiiounl isf zia*' pr»“'»’js(, |L»* ;»u‘ r» wsailcil 

away or n'liioveil, " ijh'etliiii' *' !'r.«in iln- b»'il»-!-. ni «<!»rr pnr» 

ticularlv in oM bnih'W or in da' 

In inaritie biilh*m, i^im' lb’' * b" • I" b« lisr nna'unf i*f **nr .'•npiari} 
foot of Hlirfa,t'e to 50 afpinre fei'i i»| lirnllitsi.* KUli’ju'n l'< plnerf} in clrnll, 
firm, iiU'lallia aoii(fU'( wills (hi* inlrianl '4*‘n3u »»i tt.ilrr *i.nrbu'i*H. 
d'oo nuu’h /am* is huvtUy poHniUlf jual i’» !*r!f»-r ibnn hlllr, Hlui 
amount of ziiu* (’an la* ri'ilm’i*'! nflfr a lum* in 74 niuntr fert, 

Tho zina inuHt. be jilnriHl in niwttbjii* wjih il.s* lnn»li! iniUnl 

at a nuiubor of poinfs. Sm^'pemlini.' (!si* /ui«' in .‘u«\ m (tnys 

or laiHlvt'l-H will not jirove t'lTii'Inr, /am* i" ^|t»wU »*•! in lint- 

waf-cr, ami ih'posiltnl as a wslinmnl ihnt mn U* irsnsn *'.| !»•, iLr l»|ou'* 
off, caTryinjj; with it any oM ss*}ilt* or m’4 l*«t«rnr.t b% fbr |,?.ihiiuir 
notion of tho zino. 'Hu’ bmlor Ihinl I’onfiunn n «Li!r IImi . uli-jd 
cipitato of zinc, (zino o\iiU*b If llu* ttaii-r r«*uiuis4-^ thr or 

{’jirboimti^ of limo or mn^cm'tun, ««r i.fhrr usjns-ml- iLusi form 

tho UKual hanl, vitmiUH wnh*. iho pn-rtpifuti-sl /mv o^i.lr nusfi-- with 
thoin ami IioIiIh thont in solution tmisl bloiui s.nt 

/ino caUHiuK old boilors i«i blcoil, !♦«♦ t-sisr afi iujnrv 

iiiHtf'ud of a blosshi}'. It indioati*.H that ll«* l«»!li-r nn-d-i rr|«i»ir''i to 
lirovout futun* ilisustow 

1 Iio amount of zint* in bnili*i>s fnr Infid ®4fr\"irr n-’ini,? W!it«*r'4 roii« 
tainin|ji minoral subslanoos, bus not In'cn fh’itrbii it'-s's'riasisfHl ns 

in tin* oaHo of manm* work; but tin* rt-mli.H in iho pdf.-r nw* an* n 
good banin to reckon from. 


ot /iiiic niul l. ).().)() parts ol ()\'yfj;(iu. Ihc hydrogen set free replaces 
that lost in the lu'ating of the \vat(‘r, that in a lueasuro is broken up 
at all lu'ats Ix'lowa low red heat, where complete dissociation of the 
hydroge'ii occurs. In both tlu^ stciam and water, the lioccnlent par- 
ticles of tlui i^liic rciudily unite with any ammouiacal, carbonic, or sul- 
phuric. acids, Ha(a‘,hariiu\ or otlu;r organic vai)ors or liquiils present 
to form sulphates, carhonaU's of /iuc, etc., that would act mechan- 
ically in tiu' water to pr('.v(!Ut dc^josit and cause c.orrosion. 

tk'.utral“h(ai.ting-syHtt'.iu ])ip(!S (hwelop a viruhait corrosion. The 
reason for sonu^ of tlu^ cases is di(li(uUt to Ihul, This corrosion has 
caus('d tlu^ ajiaiuhmnu'ut of the pip(^s returning the condensed water 
to the boih'm, ami in soiiu' castes tta^ faihin; of the whole system. 
'I'he corrosion occurs in both tlu^ steam-pi])cs and water-return pipes, 
being more inarki'd in tiu' latter. In screwed-end i)ipes the corro- 
sion first attacks tlu' het'l of tin- ])ipe threads as y-oiies of disintegra- 
tion amt ('xU'uds until tlu‘ whoh' pipe' is affectc'd, though no c.orrosion 
e.\c('pt at tlu> joints may la* noticed. 

In t.he HtcHin~pip(*s corrosion takes tlu! form of pin-holing or pitting, 
from the iiisidt* at any part of the pipe ami does not develo[) into a 
geiu'ral corro.doii of (lu^ siirfaca* us in the case of the hot-water return 
pipes, W'lu'nevt'r a bh)W"Out or pin-hole from corrosion octairs in 
the .steam pipe, a closing down of the metal around the hok^ by a 
peeii hunnm*r stop.s tin* l(*ak, which seldom reopens. Peeuing the 
metal has math* it more den.se and (w table to eorrodt*. 

Cttst-iroii stetmi-pipt^s are less tiffecleil than wrought-iron ])ip('B, 
lint the joints dniw badly, owing to tlu* tt'm])erature changes that 
euust^ 51 lettkage tlait fret(tieiit caulking only moinentarily corrects. 
(Viueiit juiuts tin* unr(*rudil(' under high temperatures, wliile rust 
JciiutH owing to their own corrosion burst the soekelis of the pqies. 

In centnil lu'aliug sy.slt'ms, the losst's from leakage and condensa- 
tion aim mill in frnm .'10 to .'iri per cent yearly, aside from the loss of 
the rt'turn wali'r: while the eorresion losses are about 10 per cent 
af the cost of Iht* pipe* lines 

PiirticlcM nf dirt, eimler in exews. unabsorbed carbon or manga- 

tif 7aw III l)ip HtcniiiHliip nintltwinn," EngiMning, August?, 1878. 
'•'riu* (’iirrux'mn of StcsuuHhip UtiilcTs.’' T/ir Pradical Engineer, Vol. X, 



liv-r'v; lu I jn MiJ t HI I » i « « U UU 

(UHiiiU'iy!;r!ili«)n of ihc jii|ii-s. uliirh ftuiluuir'- aHn u,.ui} t<f sh,* alunc. 
cause's lmv(^ hccu n'mciNctl. 

In all of ihot' jtijtfs a l»'\s' sh'if-iSi. M|*riii ri.uisr«l hl.iUit-iit . inrna>i! 
iroti, ciuileT in cvccss, hcai. mufjtui <4 .«»!<! usi-lrt j.u-... 

aurci HJ'c all jm'sent, and nu jtintin-iiir <4 Ti.,, 

lull, w/l(('r is uuil'e' than Irani iis K»-r|.:!.*' fl.,- rli-aji 

and hriglit, ready fur eurrusue inllurarr , 

Tim disttirbanee uf wafer )»y lurli heat iu |., Ji-alK di''.t(» 

ciaii'd luiH liet'U already e\j<l:uiu'd su sLe- rhafin ( !.r at r«.!i uf 
/dim (HI ('’eelriiyfi'lis, in Urn vn-'V |<S nniun' |...5«5' and '-ra Wafer 
cormsiim, in always fa vnraldi’ IiH' flu* |4e">ria,af uus {!«- j.rial ’I'he 
UH(' of /due to jiri'ven! eiirrtwden in -ieiuis aiul Iteaiju^ 

lines, etadd la* hardly less fn\ ««iisl*le. 

M. lauidiu's i( 'itlll JtftH e\|<er!8!sr!5l.' ♦•Ii !?;♦• fMU».»u»h nf 

ii'un iiuinersed In wafer UMiidh Ituitul m tt itu* , u,r 

with ladh ordinary and di*,fil!e«l ttater. ihe iein|<i t jfnjr Is.ul u %i.t\ 

iiniiorlanl inllnenee, vi/..: 

^ Al. (IS" Id llu‘ unantiliej^i of yrH I*r.| }.»!l ^.jn.Ur Iki.I 1. 1 
iron HUrfaei' per iaair, when inmier'>rd in tie idled « u- (i \ 

grain and in ealeareimH wafer flddn I'imn, \i ' I . iSu 
rone to 2..'KV1 and 2,57!) Kraiiei ‘I’h r <4 j!«*n in n.ifrj uf el! 

ordinary leinperatures was aflruded In- ihr i,i h^ «li..j.-cn, 

tin' ael.inn lieing tin* lensi In deUille»! wuin \f .6 s* fiipei.'sinrr »if 
2(5(1” i'\, thc' ih'l’OlUlHUiitioli t»f »|l"4ille.| Wufn l., !!,,■ 

lion of 0,01 grain per Htptare (««*! i«f feme »uss!^ue |.rt Lom, uinl fur 
calenreotiH wafer. 0,012!) Krniti, For water rMisi;«(n!sj.* ».«»• tsifh j.;ui 
of cry's! alli'/.ed el doridi* of inngne^dtnu. » »irrie-it.i» nn-: IMilsy i.-rusn | t-r 
Rqnnrn foot, and for water wstnrnfed wilh rhinmie *4 »«.»h!an. liOa 
grain; for Hen»\vnter of tHiml deiins! v, O.CMIT griun, nil |s*t •uituiie lent 
of iron Mirfaee per hour inuiawon.*' 

f*nm*sjfw /urmwrd le; ,S|rr»«. 

Tlio tendency of iroti to ehntige iin plst ^denl |•r^sjH■rlss•*5■ fiv t% rlmnre 
in the condition under which It mtiv !«• plnred In »»rdiiiun 3,lnjrfut;d 
work in Btrikhigly shown hy tlie fMlIowiiif? lulro fr»>jn 

^ A ti'? i rjA 1 1 . . 4 • a. » . .. . . » . ....... 


UI. UUU uunu i ivniun.J AUMI, Jjjjuvi; UilUlIl UUMU UIIC iOilOWlllg ICSUi'CS I 

‘'Tonsilo stn'iiglh, r)4,2;^() ])()\nuls i)cr S(iuarc inch; elongation on 
8 iiichcM, 28.4 ix'.r (-.(ait; conlrac.tion of area, 40.0 per cent. No traces 
of laiiiiiuil-u)n wvro sliovvii during tlie tost, but .wme months afUr, the 
bar Wiia found in the condition illustrated, which shows that it con- 



Fta, fSl,— FifTect of strain on the corrosion of iron. 

hihUm of layer's of difTc'ront cluMuical composition, tlioso which have 
rusUsl iming ohuhro-posiUvn to the other ])ortionH of tlio bar.” 

Iron rivt'tH and iron plates in soma chhot show the rivets corroded 
and tlie plates u(uifT('et(*tl, and Hotnetimw the eontrary, and so with 
steel rivets ami stead platw; also iron rivets in steel plates or steel 
rivets in in)n platen all kIujw the most erj’atie ovidenceB m regards 
Cf)rroHlou, in many eases without reference to the character of the 
water nscal in tlu^ boilt*r tir to the external conditions. As a rule, all 
analysts of tlu* plate's, rivets, and other material used in boiler work 
are made from sample's as they come from the manufaetiireris hands, 
euul befeere^ being workenl. Hence, when corrosion of either plate 
or rive'i lias nttnictesl attentiem, it is seldom possible to get a sam- 
ple of tliiit particular make and lot of rivets to analyjse to show 





to inuUli.s uil.t'rcul Uu'ir .sirucUirc, rciulorcHl them luirclcr in nature, 
aiul more liuble while hi tlu'ir sLra'uuul c.oiuliUon to be acted upon by 
Hea-vvater, or ol-lu'r wuti'rs, than in tlu'ir ordinary normal or softer 
condition. M'he ex|)erinuints, however, indicate that an increased 
loUtl corrosion, in excess of the normal corrosiliility of the metal, 
occui’S in a metallic structure, Irom the action of the local galvanic 
current which are shown to bo induia'd betwei'u straineil and un- 
Htrained portions of llu' same pii'ce of iron or sUh'I forging, bar, or 
plate. Hence a strain occurring in a metallic structure tends, owing 
to the local galvanic action thus si't up, to incri'use any corrosive 
forces which may be deti'rioraling tlu^ metal of which it is composed." 

'I'he (Uhails of (he ('\periment«s arm Pieces of iron and mild steel 
of known eluiracl.er wi'n* submitti'd to tension, torsion, and flexure 
si rains, to ascerlnin the changes made in the metal, and if corrosive 
elTuel-s were in any manner diU' to stress, bor tiaision, a bar was 
Htrained in a testing machitu' until an elongation was produced of 

])(M' cent in three inches, ami at the ])oint of reduced area the bar 
wai cut in two. 

'I'lio halves wt'ro tlnm turned down at the shackle or vise end, 
where they laid bei'U subjecU'il to little or no stress, until they had an 
nri'a etpud to the end half at the point where contraction of area had 
occurred, both jiii'ces being rmished exactly alike and each piece 
represented a section of strained and unstrained metal. They were 
then placed at Iht' Haute depth in a saturated solution of common salt to 
approxinude the ticlion id Ht*a»water on metiil, the immersed ends 
representing strained and nnstrainetl metal. An elt'etneal eontact 
matle ladwts-n the two jiien’es of nietnl, through the medium of a 
(h'lit'iUt* galviinoitjet er f^riiomHon’s), the diffenmee in ]')otential or 
eorrosihilily emdd ht' oliHervisl, It was found that in each case 
a sensilde eurrent was set up hetween the two halves of the spccimenj 
the stniineil ]»ortifm whh in every case found to be the electro-posi- 
tive element of the pair, eorresponding to the Jiine in a galvanic 
couple. Indicating clearly that the strained metid was acted upon 
mnn' rapiilly by the solution, and more oasil)’' corroded than the 
uuHtrairuHl metal, 

dlie test math* with Hpc'cimens after being Bubmitted to torsional 


rndt'il iiKirc rii|n<lly hy tiK* >t’a wain. 

This ctiiiclu.Hitm was further >uj«|tnr!r*l Iw te'f. eimle with inui 
aiitl sl('cl plates, when a tint pieee w;e. runijtaji-d will* «<{»e heiti intft 
nil r or st'iui cinMllar trntinh; the hriit jhate pi euih ea. e pnwij)^ 
1(1 lie the line lunst easil\ ueted upuu h\ lise MhuiMU. 

The i'\pi'nim'nls threw un luiere' iiui,* l.j'ht *uj a •uhjiTf which 
hits hardly reeeiveil (he at(euti«»u it dea-tie-. aud hrl|.. tu e\p|uin 
Sdliie el’ (he peculiarities in enimecHMU wiiU the w.c lue: "t eeitaiti 
Hlruetlires (luit have heeu juvnhed ui enir-t.leiahlr isn ier\, The 
melfds iipt'i’nleil upuu hy -Mr. .\udrew . weir hurr, iM||r.| wifitielU-" 
irtiu liars and haiuiuered wruuKht U'eu ‘Ijali . I'.ei-.eiiter Urrl aiai 
SieiiietiH .s((’i*l rtir|4;(M| .shafls, ahe arju* hni'- es -».!f ;usd iiaid 1 ie-'.eiuer 
iiud SieiUf'lls .sleel: .seft aud hard eaU IrrI, and Jrrl^ inudr frmu 
each (if lh(' luetal.s nluiuiuiuii. uicke!. 'du-xsi, .ud ruppei j.\peri- 
iiK'Uls weri' alsii made itii nillni jdute- id' Htejn'Ki «.fi I'.es emer 

and siift mid hard Su'imais 'Ueel and idi ra t iimu llie ehrmical 
ctuiipu.sitiiiiis aud yuaieral plivslcjd properties ei. ..f all the meials 
IU't‘ gIVt'U and taliulatl^ih -Ml (he metals expeiimenled upon uerc' 
ptM'feelly hriKht. 

(letierul resuhs; 'I'lu* averuj.n* eleiironjoi nr f*uie olUalned hf'- 
tAveen straiuinl aud uustraiued ptirtime^ of the sutue metal wen*, u/,.; 


Wrtititclildniit ferni-ii slmllf*, . . . 

Stifl Kiwcllicr Mtec) (el'r'i'tj. . 

Hard 

Siift. cast- Hied 

Ihinl “ '* , 

dilicitu Hlccl 

Ahiinhmiu Mtcd 

.Nickel hU'cI, . 

Hdllcil Wfiilli^ht irnii hliJfi, , . 

Sdft. Hit'iiiciiM Hlccl 

llanl - 

( ((ilUK'f Hlcel. ..... 

(’hniiiiiiim HttH‘1. 

HcaMciucr HtecI li!iiiimt<r»‘tl fnrdiiK?*. . , . 
dii'incnH HU‘cl “ . 
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H Mi«l 
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II tm} 
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With culihdrawii Hiunll ntetd mds in |^}dvaflie eireiiii with eM|*|ter 



ill IIU! wnr-tiHuu loroo WUH llOuaUly Ulglier 

I, ban ii\ Uu^ Li'iisilc, alw) in tlio lUixuro, tests. 

'riu'sn t'Jt'fl.i’ic. incnisurtniu^iits ouglil, pcn’liaps, to be regarded as 
teiilutivc' iiidicHlions, (•staldishing a general piitieiplc, rather than 
as an absolnti' nu'asurenu'nt for the pnrposii of aeeurate comparison 
of l.lu' behavior of (he various metals. 'Pho ch.emi(;al analysis of 
all tlu' inelals was inndi' prior to straining them. These experiments 
exlended from a fi'W sis'onds to ovi'r ti'ii days, in which it was ob- 
serveil that (hi' dilTerenci' in the. I'li'ctroinotive force between 
strained and unstrained metal steadily declinc'd from the initial 
amount, but. was in no ease ('Xlinguislu'd. 

(’orrosioii, or Ihi' oxidation of substances by clu'mical ac.tion is 
always uecompunied by I'lectrical I'uergy, (hat may hc^ of more, or li'ss 
intensity, or elect romotivi' force according to the .substance con- 
smiu'd. 

('liemical action is probably due to the imladanced attraction 
among the various molecules of matter lying in juxtaposition, the 
rearrangement, of which caused by strain or a changi^ in the tlu'rmul 
or I'lectrical conditions of one atom changes them all. It is known 
dial n change in eilhi'r llu' therinnl or ('lectrical coiiditlous develops 
corrosion In certain circmnstanci's bid. does not in many other case's 
of apparently (he same nature. 'I'he nmonut of electromotive force 
develojH’d in (he oxidation of a few suhst anew Is 'mdicated in the fol- 
owing instances : * 




( 'itrliMii, 

Silver 

< 'nnper. ........ 

l.i’iid, 

Iritii. 

Zinc. . . 

I’cruHidc III lend 


1 Ihiil ilf 1 WiilMtiiiii Ilf 

Iv.M.K. Itfitnlivo 

K.M.R RplttUve 

t.llUIVttlctll . 

t'ttliirir>a. a. ‘r. 1 ‘iiilw 

til ( Jscytfesii. 

to Zinn. 

2.1 HHI 

- 7, tins 

O.Oi) 

-^1.7-1 


- :ti.7i2 

0 .’{(t 

-l.-M 

is.7nn 

- 7l,n.57 

n.,si) 

-1.08 

25, inn 

- iHi.nia 

1 I’i 

-0.71 

.a i.t ’in 

i.'ty ti.n 

1 .m 

-0.28 

Ji.TiMi 

-- icti.n?! 

l .wt 

0.00 


- iH.dii 

0.52 

i 

-2.85 


'I’lie corrosion t»f ferric bodies rwults from the docoinposition 
of watt'r or nir by eli'ctrirnl energy. 

As dc'tniled in (Impter HI. ntmnspheric nioisturo in the presence 
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bhick nuiffiu'tic nr stalth* i«l ircu. ihaf la lujuiulaniim-il uii’u'lt'M 

Is rcpn'Sf'iihMl hy ilic nnwfr-HjulT pruiliui-., 

I'A'cry ptHiiiil tif irttn nviiit' r{*]irrMiii> ilu* mI l.iiiis jii.tuitl 

of (‘tiul rt'ijuirntl fur its funualitot. 'rhi-* m- t MATA pi.uiiil 

of water li» fiiniish the ueee^ar) u\\vvt\. A j.t*nu>l nf uiui 
represents the fdrrtisinu itf llhl.’i xipiaif iiai t*! luriuilfn- u*»is j,/,,., iiieh 
in Ihiekness and has develuped US.t.’J.t.'l IS. T. I mi.‘« fJHiU 11 1’,), 

1 * ' * i 

- ^ ■ ! 

1 » > 
eu • . 



or Ofiual it) an eleetmindtive ftnre nf l.ah, ?u ueuirali/.e wiileh wnulii 
rcHjuire tlu' oxidutinn of .SIT pdmul uf /ine. 

In all (tf llu‘se tixldatitaw the theruml iunnif«s4n!>i*n‘i are -adHtitli* 
nat(', and, with llu* (deetrieal eiier^v iHanic uf Imv |HttriiS»nl. when they 
exlt'iid over any cniiHidi'mlde perind. are nnr«*e»i|*ni/e.I ur iliilieult tn 
dett'riniiu'. 

The ainnily of oxvjyfen fur hydroifen represent.M nii ♦•leftruinufiv** 
f(ir«‘(' of 1.47 volt. 4’he deeoinpuHiti*»n *4 water iiridtilaled In ?4d 
phurie acid yields al tin* eathode 11,12 part's uf hvdr«*|.'eji and at the 
atiotle 8.S. IS purls of oxyic«'n ; nlmut 1 per rent «»f Iwiny; Sormnl 

from the oxygen. 

The deeonipiwitlon of 1 potmd of /.ine for the proteelion fr«<ia 
corrosion of marine hoilew or ol!ie*r lik«* h*rri«' hodiexi evolve*. !Ih {ti nilsie 
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All loHHcH I'rolu r('HiHtuiife hciiifj; ('xcluihvl. 


A S(‘rl('S of ('xpcriiiu'Hl^i covering Kovcral y(au\s, upon the corrosi- 
bUily of luelals, huK bia'ii nuule at llui Ihiivei’Mity of Wisconsin, under 
the stiperviHiun of I’rof. Dugnld d, Jackson. 

hrof. Jackson, in tlu^ di.scu.ssion of papca* No. 001, “Protection 
of I'Vrric Slnictun'.s,” * reh'rn'd to the results of his experiinonts, 
from which I hrielly <(Uo(e: “When a piece, of iron or steel is placed 
in a U'sling itmcliine and its elc'ctrical condition is followed up during 
tlu' straining te.'^t, ila rorroHiliililfi (ippairt^ lo increase praeLically in 
pro part inn leilh llie slntin, so that a diagram plotteil with stress along 
{me coordinate and corrosibility ahmg the other appears to be of 
almost exactly similar charact('r to a diagram plotted with stress 
and strain along the two axt's of taiordinates. 

“Two illu.Mtrations of tlxw* diagrams are prc’seuted, Figs. 53 and 
54, from test ])ieces of whmglit iron 

“In the cas(* of csist iron l'*ig. 55 shows the stnrs.s-cnrrnsibility 
tliugrams for two .sptH’inums in tension. A comparison of these dia- 
grams with (host' for wrought iron in tt'iision, illustrated in Figs. 53 
and 54, shows the markt'd tlifft'rence ht'twetai the two rnetals. Fig. 56 
shows ji strcHH-ctirroHihility diagram for cast iron in compression. 
'I’he exact forms of tht‘ ilingrnms itikcn from cast iron depend in some 
degree on tin* jthvsieal eliaracter of (he speeinums, hut the diagrams 
shown are typieal om*s. Tin* elTeet of strain is small in the case of cast 
iron. 

“ 1'h(* corrosihility of the Hpecimens was measured by determining 
theelectronudivt* foret^ of t)ie lest piece's toward a standard electrode 
in a iitirmal solution, 

“ 'rin* rt'sulis tif llie twls show that in bridge members and 
mmilar piect's (hat have Imen worked, the metal appears to be easily 
averted by eorrnsitjn. this corrositm being properly characterized as 







awiiy nno iiio unKirauu'd uicUil is not. 

I lu? c‘X[)c'riiiunits f!;ivo a sutislaiitory explanation of much of the 
so-calicnl /grooving in hoilors and corrosion of a similar character. Here 
l.he stiaiiunl nu'lal of a punched boiler plate that is not completely 
cov('rc-d liy a nvel-lu'ad Ix'comes eati'ii away. Or iierhaps a plate 
becomes stiained at a joint by tcsn])eraturo stresses and the strained 



( lu Brtilfrttpy urilw. Diwwlbliay In arbltnny unlta. 

f»5. -HtrfSH-comisihility (Uaffraiim for eaat iron. 

Htreak is eorrodecl. In em'h ruKi* the Htmined metal is of greater corrosi- 
hititi/, and it acts an oiu' of llu' ]>]ntt*H of an electric battery in which 
the otlu’f plate of tlu* buttery is the lurntrainetl metal of the boiler 
sliell. ami tin* elect rolvtc* ih the \vat('r within the boiler. The strained 
metal is the eli'ctroth* whirli corTOinnitlH to the zinc of the ordinary 
vojtuie e<dl. nml it is eaten away. 

" Another ilhistralion of eornmioii of this character is the so-called 
(hy britiue engiiuH^rH) Cooper’s linw, which tire often evidenced in 
tlu' eorroMion cd britke membem. Thwe are lines of electrolytic 
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Fia, 50 .~~Hfcaw-(Hirrtii»il»iuiy iu»Kmin ul nmi ir««!i tt« rumjin’wtifm. 



ot corrosion. 

•* It is also (.rue Unit nu^t.als which do not change their physical 
clmnicU'rislics vvlu'ii stniiiu'd, appan'utly tlo not luaterially change 
in corrt)sil)ilily ns llu' result of sl.rain. 'riuis if lead is stretc.lied, its 
corrosilulil y does not appn'ciahly iinu'ease. The same is true to a 
certain degret' of lirass and copper, Kig. 54 represents a stress- 
corrosihility diagram for hard-drawn copper. The same is true also, 
to a limileil degrei', of vi'ry soft, iron, hut as (nu'u the softest iron 
does harden sowi'whut when stniiiu'd, its corrosihility is somewhat 
alTecl iMl hy si rain." 

.•\n e\p(‘rimental study of llu^ corrosion of iron and steel under 
difTermit conditions has hei'ii made hy Mr. (hrl Ihunhuchen, H.Sc.* 
'riiese (‘Xju'rliiH'nts were conducti'il on the lines of those of Mr. Thomas 
Andri'ws, h.K.S., hereinhefori' givmi, “on the effect of strain on the 
corrosilulity of uudul." 

Ilamhuchen’s apparatus and method of testing, and the checks 
and precautions against ('rrom, specially in olitaining the value of 
tlu' I'lectromotlve force, wert' HU]»erior to those lu'retofore om])loycd 
hy ('xpi'rinu'utem, and tlu' ri’sults are more in accordance with the 
practical experienct' of tlu' pri’sc'iit day. 

A himlrauce to experimenlai iuvi'stigation of the corrosion of metal 
is llu' lenglli of liirt' re(|uired to produce nu'asurahle results. Ham- 
huchen took advantagt' of th(‘ fact that corrosion being developed 
hy an ek'ctrle current (lowing fnmi the ferric liody to the electrolyte, 
llm rati' of eormsimi eonld he greatly increased hy causing a current 
geni'rnled ('Xfernally to (low from the metal as an anode, thus causing 
llie corrosion to occur under what may he termed exaggerated or 
inleiiHi' eondilioiis. the metal being corroded as mucli in a few hours 
as it would he in as many yi*nw hy exposure to the weather; the 
rt'Hultants being praetienlly tlie same as the etTechs produced by 
ordinary eorrosion. 

Till' kwHcs in weight from eorrowiou in different irons, steels, and 
other metnlH, under strain, fmin nil to breakage, are tebulatod, also 
the loss in wi'iglil of metal per ampere hour, ami the electromotive 
force developed at varimiH points of the Htrnin. 

Normal hoIuIiouh of ammonium chloride, ammonium sulphate, 
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llu' mcl.'il in lilt* tliUVri'iit Mthiliiui - wu- jauciifnlh il»- amr. ajid ihui 
wiu'llit'r llu' salt.*^ wen* .Nul|iliali‘>. uilialf' , ur j-hlMiidr dni iini {ualfti 
ullv nlTfct liu' nitf nf t-tirrioinii. ’Htt- aiuj»cri- linm \;uir*| itum I! 
id Id.l'i and llic (’\i'itsur<‘> lri»m lU.d it* i’ I hiau-, 

Inldn'sliiiji; fncls Wdi'c tic\ vljnumj.* fl*c nattirf 

of “pilling” in tuiltl stool o\pio.,rtl !»« ddh-ioul I n*'^, oS 

anti ()1 slidW a riiiiiui pilfiiu'. a- iho M'-u1i k! iIh- atmi i.iunni ohlumlo; 
an t'liiUi^jUotl pillini^ rosnlt-^ Irmu Iho uninmishint • ulphafo. au<l a 
niort* nnU’oi'in oorrosinn fruin a pnla-'nins inirafo 'MlnfinOi la fhr 
caHl-iroM spoi'inioiiH, oil, iho oun'toaMU otni- jHinl t.| a .mH ouilmna 
tu'iais nuiloi'ial, whioh gonovallv nilhotfd vos\ ImssU h« iho >uiinoo 
t)f (lit* iron. In oaso llio ourrout tlnoaH ua . onino.l t) irdo 

iunpt'i’OH por Htpiaro inolt, this sofl Uialfiial ut*ul«l '-oiiatafr iimhi tho 
iron aflor nltainin}^ a oi'rtaiu thiokuooi. ’{’l»o ImijujiIimu i»i ila ^ la>oj 
nnisi olTor stunt* rosislanoo (o iho il«»v\ <4 fho oimoul. and ihoiotoio 
jirolt'ols it to a t’ortaiii tloai'oo. < H'. iit uiho! vmi.i'i. a ont-is pMloniia! 

tlilTt'i’oni't' ht'lwt'on an iron pipo aial a iaihva\ haol. ut.niti oau «• h 

How if tin* pipo lliiis ooatoil uoro ra*-! imn. ihaa it il uoio wiutH*h! 
iron, whicli woultl tpiiflvly roVful ii-* woakno ' In tho ihflotoini oliat 
acti*r of tho oon’oilod t'ojilitat. Hut wisi* n jdu-n am »>nfil «4 otuioui 
(lowin/i; from noi'innl oasl irtiu nml uitaii'hi iiMU, tho i--. 

nt'arly otpial in anuainl in tho K\t». 

it was iKiliood In (ho oaso of tin* on^i iion umoih ’. that ihoio was 
ti lihi'i'nlion of ^ias duriiiit iho pitiooN:* of f«iiio=dom d'haf thi-. ua*^ 
not tlno to tho flow of fin* turri'Ut wio= 'rdiown In imfomsjaitir iho 
('.nrronl, Iho lihoratioii of llto ^as of»nliiiuii<^' for M.mtr fiasr afloi, 
Tilt* imliirt* of tho ^hk wan not tlolorimim-d. nor of what llto uolton 
oonsistod. 

If tin* curroni tlonsity was iiof o\t’o.M>dvt*, tho iron ifi.l imf malorj'o 
any nia(f*rial ohnnKo in appoaratioo. ovon llaatrit >4i!<joofoii n* iho 
at'lion of tin* currt'nt for a lonss thno. ihii nl!hont?h fhr ronoia! h-riu 
and onlwartl appoaniiioo of fin* oji-hI irtm roninino.l ihr ihi* 

fact, liiai its stniflnro liutl !H‘t*ij matorialh nitoroil wa-< >.luntn in 
onltin^ it. Tho oast iron was fomal to )« • wiflotiod to a ooilaiit 
(loptli, flu* inalt'i'ial ronaivoil havint' tin* appoaranoo of hnr ii"n 


Hioii IS M'owii i)_\ ri/Ah. .),> 01 luui 00 in (Ujinpanson with the polished 
plalc's of llu' saint' nu'lul, 

( 'lmn|j;iniL>- Uu' cryslaHiiK' stnHd.iiro of sit't'l liy aimcaliiig, hardening, 
ntul liurning, cnust's tlu' unioiinl. of corvositm to vary, as is noted in 
(he (ablt's on pagt's hh-l. 'I'lit' nnionnl, of eorrosion ])er anpiere 
hour of (ho lianlont'tl sit't'l is c.onsidt'rahly less than that of the 
nnnt'nlt'tl or hnrnt'd sit't'l. 

'This is an appart'iit disert'i)a.mty with other tlata and obscrva- 
lioiis in rt'ganl lo straiiu'd nu'tal In'ing iht' int)st subject to ctirrt)- 
sion. llardenod sit't'l, bt'ing nt'ct'ssarily iintlt'r a highly strained 
eonditioii. should havt' shown grt'alt'r t't)rrt)sibilily than the annealed 
or burned spt'eiint'iis. 'Phal il tliil iittl is t)\ving to Iht' fact that the 
high (t'lision belween Ihe ptirliclt'S ht'ltl llit'in in ])lace until they 
wt'i’t' severally eorrodetl t'lilirely away. In Ihe bnrnt'tl tir annealed 
sleel Iht' parlieles, wht'ti tmly parlltdly ctirrtitlt'tl, wt're looseiu'tl in 
Iheir boiitl lo each til her, anil east from Iht' mass befort' being entirely 
corroih'd. 'I'he pilling of ihe annenlt'd stt'el, f'ig. (Hi, the composi- 
tion of whit'h is similar lo lhal of shet'l iron, h'ig. 72 , shows a greater 
eoiTosibilily lhan the hanleneil steel, dut' to Ihi' aliove reason. 

d'he .small pi'reenlage of carbon anil olhi'r iminirilies in the steel 
wmdd not neeount for llie eorrugtdions in the bnrnt'tl anti hardt'iieil 
steel, shown by tht' tigures. It. would be nurt'tisonable to snp])ose. 
that the impurities tir carbon emiltl bt' ri'gnlarly tlislribuletl as intli- 
eated bv the corrugations; they must ht'tlut^ to lines of strain in tho 
met.'tl that eorrosion developi'th 

'I’hi' metalH thsit art' eh'et ro-jin.-^itivt' to iron tinil stt't'l are magne- 
sium, aluminum. /.iue anti eatlmium : while li'ad. iintimony, tin, copiier, 
silver, ciirbon. maugaui'si', aial soiiii' of tht' mt'lallic oxiiles, arc 
eleclro tii'kutlive to ferric botlie.H. 

'l't"*t plate-, of eli'an. bright wrought iron, east iron, anti steel 
wert' drilled and the several lioles phiggi'il with one tif the above 
met tils. Tbe phites wen* then plaeetl in saml salnrated with ammo- 
nium chloride ami other etirrosive sohilious, anti after a shtirt expo- 
.Mun* were i»\u(iiim*il ; Jtll tht* plates lu which tht' eleelro-j)osilive metal 
phigm were placed were fouml clean and bright, while the iihigs were 
more or less eornultal. In the otht'r st't of plnles the surfaces were 

, , t M .1 ..,,1 Tti l.he nlates fitted 


HUUUK’H, UH' (Mirn'm. Uliwint irniu uir u» uir jum UIO 

platoH wf'fc' (‘(irnxliHl. 

('.omlilioiw tif ('l(n'trtily!i«’ rurnmiun n|*j»lv !«t mn*.! nf tho 
iiu'liillic- oxidcH HH \V('ll tu tilt* juhI »r<‘ in iitith: 

1. Wlioti two or morn rtauluciin^ Hnlwiitiun*?* nrr in ri.isfm-i uiih mi 
olt'clrolylo. 2. Wli('iH‘V(‘r {iitTc in nny tlififrri'iirr *»! rh rinr.’ii puistii- 
(iiil l)('t\v(’Wi Huch IxulioH. d. \\'hon n utillnMr n>iiiHT! ji»n ln-JUfi n (hi* 
coiulucling Htilwlnnct'H furtUHlitv n path fur fhr fl«»u »•! ihr rtnn nt. 

All of ihcHo couililitfiiH nro proN'iil in ilio dorn) t«f pnint i'oniini??^ 
an wc'll an llu' corrofiiun of iron and rlfriroh i«* uf 

nuuBlun' in any ftinn. and nniy !«• fundidaird, jsjdinr, i t f»i ■‘•li. 

Iron and bIcoI roa novor janv or Itoiuoiiiin’oy? . ihry roinain 
upon ihoir Hnrfnt't'H many s\diH!anfw, hiu'Ii m'> rnrl«»n. i?iitpln!i\ inili- 
Bcalo, and partirloH of inotul and ittidi*?’, 11 h’ l«nly »»f t!u' iiu’tid 
may bo fornu'd from worap iron t»f difforrnt isislinw, nnd llto lirat 
of fiiHion Hf'ldoui rondora iho iiiiwh luinioin‘ji«*oii«, 

In rani. iron and HltH‘l,in Ihoir manv pruri*jiM*ti of mniinfnriuir, ihrrc* 
aro many irrcgnlar KoJiwof don.^ity nnd pinity onHi of wlsu h hn?* «!.>• own 
potontial. B(‘t\vot‘n all of tlioHC' dilT<*n*nl{y I’hario'd l»o«invi u fiuronf of 
('loclncily in Hot np, lluM'imnt ItoinK romplrlnil throuii;,li f Itr l■l»T^rolu•^ 
TIiIh olf'ctria fnrront flowinis from tho iimlnl to iho rlfin!ol\ fo 
will caiwo wirroHion of tin* niotnl. wldrh iimy la* Konood ovnr tin* 
wliolo Hnrfac'o of it, or bo locHHz«‘t! in Hpot#4, nroonlinf* to if** ron»po'd» 
tion, vvliit’h in u(T<'('tt‘d by local dis^tnrbancos, unrb wold . uf iidoH, 
annealing, bnrnitifr, and hardening, or tin* prow*iicc of foiriijn ?>ub- 
hfancoH. Sonin pt'tuiliar cnaos of corroiiion ran hr oxpbdnod by 
taininp; if the mntfd hiw boon MibjwtiHl to wmto of tlu-?^r niflunuccw, 
that othorwino would bo cliwwHl aa myatciioiin. 

Mr. Ilamlmclu'u, in ortlcr to draw a compnriwm In'iwcnt r!*n'{ro» 
lytic corroHion and ordinary corro4on. im«u*rHi*d fijn'idmoiw randlnr 
to thoan cKpoHcd to electrolytic action in tt tank contiiining « normal 
aolution of annnoniuin eUltwitlc, and left Ibcni undt«iiirl«*d for four 
vnonthH. The rcMilia olttaiiuHl ahowtHl that the annnint and clinrncier 
of eorroHion doiieiul upon the t|mdityof tin* inetid.find conrirmefl tin* 
conclnBioiiderivtMl fitiin electrolytic corroHion. The tiineof «-\jHwure of 
thcHO HiteciineiiH vvaa, however, too nhort t<» develop anv imirk*-d pit! tiipcH 
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KfJOCTUOliVNlM (IF fMi|.!|i.Hi»r\!i 1,1! r\L. 

PtioF. I'liiwiM .1. lIiius'niN i'i u.h chciuical 

doc.ouipoHitiim t'lTi'ctc'tl by HH-aiis *'1' uii clrdrir curis'ii! ; ihnt b, 
tlu) Hoiirc.o of ('U'clrdlylic (’omi^iufi, li«"« iu iin* ivlra.'.r «»i iui jjiuiu df 

aKYf];cHi from any niiiislun' ami I’MHilnnnl iuu with 

any iron it. t‘nu .Mt'i/t' upiiii.'' 

Prof, 1). C). Jju’kHtm ( ruivcrsity of Wi .rojraui il*'lntr'4 iiM nrtioir, 
*'Iii ail oUj(*.l.roly(’u’ foil with iron fleet roii«->. Isu^ nn? jun hult or wnlla 
of alkaliuo ItUliulH or (‘Urth*^ tit hnluliiOl in flu* flrrj|(*h l«*. thr ialfK lift* 
doroiupoHOtt, tlu'ir m*iil rndienl'^ afiaekior thr f»*r.sijiu» jyi 

iron Halt. 

A proof of Ihi.M liieory found in ih«*M!ontK** t<uHfU , in theeharn- 
ing of wliirli u tarsi' current in diu’lmiTed u Irnd plnfe into nn 

eltH'.t-rolyUw.ouHisliuy of diluti' Hulpliune »eid In n s4««iai,*e i*i»nerv 
the oxidation of holh plale^i Inte’^ phiee hni flu- fr.| i.t' h-nd 

foriiKul in very dilTert'nt in character frtoa ilir rfi'ert’^ ui' nn 

elwtrio oiirri'nl on an underMroond haid pif »• “ 

* “'riicrn ia uolhini^ tuv'^erioUH niM»ni ihr r.srr*...ii.ij ».f uielnh-i hy 
elec.irical inirrcntM. Ita action ia preei'irlv jdinihir !•* lisnf eu:|4«ord 
by olcH’.tro-platci^i in tlis'ir art, 'Pwo |«Isi!r=i *4' n.rinl j«!nerd iss anv 
inatorial, whether damp earth or the Mii *4 im K<!«-rtro> 

platiiifij apparntu?4, a current of elfcirind rni-ii.-i iu!l !«« in-iiinted 
from ont' plate to anotlier and the |4 ijI«* or ol.jiTf js.»in i,i!s}rli the 
(uirrent down will he t’ornided. The nirmii ttili Oial,!- ii-. i.wu -.n-lee- 
tioil IW to it-H COUfMe and the ImhIv to Iw IlSIfirkr.l In llie rie^e t»f 
nietalH hurled in earth or water, the eI«“rtro|% i je je-ie.ts ri «.nf .4' '.u?hi 
and prohahly out of tnlnd, hut none the I*-".-! prefu-isf nod tuirouf rofla- 
l)lo; wliili^ in the plalitiK hath it i'i in rii|d«l iifid rj.nf rollnl'lr mure 
or lejw, at the will of tlie ntienditnf , In ihe rnnv »4 Ioj'Ij %.4iiiin* and 
larao amiiere currents reltirnini! to llseir eoum- «.f ernrndio!. it »>, 



curiviil. will tUvitU^ uiul rcUiru U) its Kourc.c iu Ihc direct ratio of their 
coiuluflins capacity, whatever tliese coiiductoivs may be. Even, 
with hu’i^e iuid well bonileti metal return coiiductorH buried iu the earth 
or iu condiiit.s, mkih- of (he <*inTent will invariably ])asH by way of the 
earth ami reach any oullyinji; nielallic bodies. The low voltage of .001 
to .01 and tin' amount of amperes will determine Uio rate of corrosive 
elTeet iu all metal in their course,” 

'Hie advent of the fdei'l building almost Nimultaueoiis witli the 
iutrotluctiou <»f the dynamo, han addc'd not another form of corrosion, 
but a new liehl for its development and a lu'w danger. 

'Hie priueipal part of the metal hi steel rnimo structures is so 
emluHlded iu imiMoury an to render inspeetioii of it>i eoudition almost 
impoMsible, pipe MysteiiiH art* more ueeeKsihle, but are never- 

tlu'hw at ail (imeK a n*a«ly pnw for electrolysis. 

d'lirtH* humlred horse povicr of electrieal energy arc not unconn- 
nion iustalintious for liglit and pow(«r in om* hiiilding. Whether led 
hi from the outNuh*, or generatt'tl in the hiiiltling does not change 
llie elTeel, which is to disturb the normal elt'ctriral conditions of all 
metals in tlie immeilinte* nt*ighl)orhuod and iu many ciiHes thoHO far 
distant. 

Iu the return <tf this eut'rgy from its work to its generating sonree, 
if the patliwav is u«il imule jterft'ctly free by the use of a etmductnr of 
adtHiuate St :n*. or if it la* of nurli a length as to render a sliorter and 
ht'ller l•ircuit through other oltjects poHsihle, (heu the current will 
Jump (!te lim* whollv or iu part. t)n the new nmte, wherever it leaves 
tin' metal, another jump will fn*rur. and tlie nu'tal will h(* I'omxled at 
that place, ami m»t when* the energy entered. 'riu*re is always 
moisture enough in any lnnl«ling to afftml adetjuale oxygen for the 
eorr< wiou. 

In the ‘«t«‘el frame work of the Iniilding, the t*l(*etmlyHiH will be at 
the* foot of the rolnmus nenn*st to the least r(*siHting patluvay of the 
current, genendly at ii point impoHsilde to locate or inspect, and 
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have boon foiiiul to bo Uu; I’lUiw of a itimp rurru.'-ioti. luiUiciilarly 
if aidool by thu prcHCUCO of duiii{) ilirL or jaher 

A voltage of 118 muhitainH an are jif iUjo iin-ii hi an chTtric an- 
light, and requiron 1 IJ.P. of elertric nuagy, and hnirunai 
toou-oandloqnnvor imumih'atH'nl hiuijw iv]>n*Ma»t ihi* Mujif aiituum 
of energy. It Ih not infreiiiieul to hml an an- hyhi tn- iwrniy or 
more iueandoHcout lights, or an equivnleiH fiuaiys Irmn Muall nuilnr.s 
connootod to the pipe hy.steiiiM or the ateel fmnie «.f the Imil.iiuy. 
The olTcot of thoHc ntrong etirrenls tu hct np a I'nrrufhnu in tlu- .'4eel 
at Homo point whore tho eiirrenl is intenuptet! i.n n-turn t(< the 
dynamo. 

Under Homo one of tlit'ir many devrlMpiiiful.H. imlnreil nnrenla 
are .strong enough to eorrode luetal, evtai if tlinuaiji nr itiurn 

ourront wiren ari' aihsjunh' for iheir fluiu jMia \nif e'.!nh» 

UhIioh I'leetrolyHis, the anionnt of whirh in in pro|Mtrft>‘n lu thi* amjHi*rt‘H 
pre.s('nt and not to the voltage. 

I’roteetioil front tin* elTeel.H of lliejtiinp of iIh* iniiriit, pariienlarly 
ill the lower [larts of a .»4|re! friune. i’’ rrialerrd mu-n ijuo, In 

rea.smi of (he tlLsiuriilng netioii of rln-tiir ItMiss uiij.aimig 

Hiniret'M of gi'ian’ution. 'I'heM* euirenl'‘ Insdinr thru uinm \u fhi-ir 
Hoitrei^ of geuta'ation oli?'f rueteil from utn noi-r, fosio a ’huit or 
euHler cirtnut (hat often Ih*?’ thrtaigh aaoihn loumo’?*. ?qtlsrii* of 
ae.tioti. Tlu*y Itivadi* it.s field and dirairraiiyr a irhan murof '■n -arin 
tliat at fifHt might have been i»de*|»iiiti- foi si.n dnU , Uul j-s oos a!4e 
to witliHtnnd eurrisitH from i!?i nriglil»««i oi ■ail*-,ri|nrjsi Mri»llaiion 

Twenty or more of thej'a* rleetrirn! iioslailalioii-; «.! dsfirsrol 
of v'oll-agf', ampere, and work, j»r«* offrn j.hirr.l n 

lively Htnull area. .Many of ihe«r Ihi\i* I«'«*ss i*» h-ur u rriism 

wire Hy.shan of infuh*<iuat 4 * »t/e or of finilsi iso. I idi «•! fhriij 

Hiihji'et to a witle range of lliirlmiliosj in rsinio, .Ps,. i*. iP,. 
ehnraeler of lhf*ir w*pnmte work Wiih ihr-u- »i.fk jif 

lU'arly all honra, it may Im* roulidenth- ih.d iIh- o,r,tt I'ninfr 

will reveal Home large and dnngeronH e^iiosplr'.! >4 r.-ir. ju 


SDtm* ihrcH-hnu’lh.s til a mile dlslaul. 'I'liis branch of acieiice so 
(•lo.sely nMsiii’iuUul with the daily m't'd.s and welfare of inankiud 
was pandy/.eil by the ciiliiabh' iudin’eri'iice of a corporation to the 
n'(|uirc;ufuls of science. It Umk an Act of (lonfi!;rc,ss, carrying the 
iinposilioii of a heavy line to slop tlu* luiisantu', d’hc! Act not only 
prohiliiletl (he ttse of any underground water- or ga.s~[)ipcs as means 
for returning tlie trolley line curreul.M to the power house, but also, 
forba'le (he ctnmcction of either pole, ol a railway dynamo in any 
direct inanimr with the earth. 

I’aints furninh neither re nedy nnr pruteetion from electrolysis, 
Paints under eatehy na ties are t'vtensivi'ly adverlist'd as being elec- 
trienlly inert. «)r insulating in ehareter. Such names and .state- 
ments are nuNleadiug and um*eliuhle, No paint who.se pignuiiit is 
an o\ide ami again re lmnhh* liy heat to a metal, is non-eleetric or 
passive til elect rieal intlueite«‘s in any degree beyond that duo to 
the dilTereiiee between the oxide ami its metal, generally about iiO per 
cent, but is m'Ver ml. 

bampblnek and urapldtie carbon ari' the only pigments that are 
patiiallv mm elect lie, ami even with the use* of these in a paint, the 
eonfitiK as an insidiiting Nubslniiee is governed by the vidiieh*. The 
vi'hit !i‘s etmtainmg tin* resins. fo.H.sll gnms and refiiusl hitumen ami 
etiinbinetl b\ heat into u varniHlj, an* the la^t for mm-eleetric paints. 
It is ipuli* nnmeinl !•» find them In use on neeouni of their eo.st, while 
the chenpiT grades of reMtuH and resiinoil.H tiMed in (he vehicle are 
oidy iimulntiug up t«» a I’ertnin percenlugc, wlu*n they liccomo c.on- 
duetors, 

All of the ^‘itnxais elav4 of pigments, .mich ns .slagn, hard-burnt 
briek, tiles and *4n{i‘. are isuidneiors in tlaar pnlvi'rized form, and 
UHnallv net in a paint ns llie negative electrode to eoneenlrate the 
eleelrieal energv tpwm the eovsTnl ferric ImkIv. d'lu' thin coating of 
the vehicle. |.,h„ to g^, inch in thiekmw, in not n'sistant enough 
to but pnriinllv iie.ulnte the pigment, howevcT {‘(Tcctive the vehicle 
may 1 h» in n*n«-i or in Iseavier routings that emild nut be applied cold 
with a liruHli 

MI«‘elrolv?dH inaugurated beiietdh such ccadings, generally throws 
tlu*m oil, or tliev act a^s a mank to ccjiircail its ravages; while inferior 


1900, with llui losH ()I lift’ 1)1 two jit’r.'inij.', njul flu* injui) (4 {utirtfc! 
ollu'i’H. The; HUuul-pipt! wiiw (U) fiH't away Irtiin fht* nihrr .^iami jujic^ 
aiul nioro (.limi a iiiilu away fn»ni tlii’ piturr >tnf!ui». 1 j». 7:5 
H('nlH a Hiunple; of aHtacl .slifcl frnjn Ihr^iaml pjpi*. .huuuij.' ihf [)({. 
ting ill Uio Hliuet around lluM’dgf.s uf ihr nvrt h«'nd>. riu' rxamuia. 



I'KI, 7ii. I'iliittKof Hlri'l til-MjlJ wIm'S J lljr fjt rjr} 

tion of lilt' wre'f’k of tin* Ntnnd pipo slanifsi! fhnl iIh- jfiisi-r =-.ur- 

faci' of tlio vortirul f^lioll appoart**! t*» lir fIdf’liH rs«i,»-rrii tniiis l4i*'li"rNi 

nwiiihllng in outward appoariun-f tin* itjPrrruh''^ h,.hh 
iuHido of (»lil fjUMt iron nudn« 

A Hiinilar HlHial'-pipo on ilu* l*,a.’<t lllttlf wa.'-f driiisj***! mi-i «>(•! 
to 1)0 Hintilarly pitlenl, 'DdM hhui-r*-.! wlasris » itlss:n't( 

an dun nn paper, wjw eiimpi»»Ml oniirrl^ ».!' •.xni*- . 4 ' 4 J 1 .I on 

Itrunhing it away the* hlnrk pahif wills wlnrli lls*” |> 8 |«r liU>i 

oiigniall^v eoafetl wfw fotintl liom'iitls il I is*' puissf nit’:- »•!’!*•!*! inss'Ti 
almost mdiroken, or, at ioa«i. vrr% dn'iith \\ hrss ihn 

* l'A(’er|jt« froai •*Kk'<irnlv««is»4 l‘inlrri.'r»«jsnl nfyu- infrrs I |i.:»|wr 

read hy Mr. Piinii'y It. Miuit^xflarf Fj.gu«r,-r «4 llj.- |il 

Ix'ffin* the Aiiicrifftii \V»u«<r U'ir.rl.M is., 1 .. . . . 
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hi. hi I HOI. \ SIS (IF THE PFOlilA STAND-PIPE. 

paint wuH l.rualunl <,IT (1 h« pH would bo disolosed, considerably 
Hiunllcr ui aiva tlinn tlu' .surluoo oovcivd by tho, blister. The surface 
of till' niolul in Iho pit was porfoclly bright and dean and its fibre 
was dourly disfornibh'.^ .Many of tlu‘S(‘ pits were n.oro than J indi 
ill depth. They wore .Hlbduly more numerous in the West Bluff stand- 
pipo than in llu' Kasl BlnlT stund-pipe, and were in both generally 
hirgi'r and deeper on the lowin' eoiii'ses of (he vertical shell, 

1 ho (‘loot I ieal o\ainiinit ion relativ'e to t in* staiubpipc's was conducted 
luninly at (ho Mast HlulT .stand' pipi', which was still in service. 
A (low of a part of the current from the railwaydine was dearly traced 
thnatgli the onrib to the anchor bolts which held (he stand-pipe to its 
foundation, un shown in Fig. 71, up the.se liolts atid into the steel of 
tlie .Hhell, and tlirotigh (ho siiell and from its inner surface to the 
pnijectini.; section of tho 1(» inch Hanged ca.sfdron pipe which served 
a.s both inlet and outlet, and which connected the s(and“pi]Hvto the 
water tnaitc'*. 'Fho curronl was then traced ahmg this iiipe, and 
uhnig tho nmiiiM to tho power .station. 'Hu* dedections of tho 
vol t -mot re noodle wore elonrly Iraonl to the railway eurrent, being 
c*s]iocinllv iidhioneod h\ (ho {•ai's on (ho lino heyotui the stand-pipe, 
and when the ears .stopped rniining at night, the movement of the 
needle I'en^ed. Where tin* eiirri'iit loft (lu‘ hmor snrfaee of the shell 
to through the wntor to (hi* inlet pipe* it made tlu^ pits already 
dt^seriboil. 

I’il'. 7>' »howi« the interior Mirfaei's of tlm*(‘ sections of tins inlet 
pipe, nsnrked d. H. and f*. rcHpectivcly. the positions occupied by 
thcNc seeiioHH origimtlh hoing djowji by the ictttci's A, li, ami C* in 
I’ig. 71. An exaniiimljofi fdiowcd (hat stnnigly marked and iiumer- 
uiiH j»tt« wt-re iiiHido the Mociioiw A find II, while the inner surface of 
tho fioetioii t* wit”* I tritr! ieidlii w* smooth and perfect fis though now. 
\Mion (ho l•.a^dtfi«ll^ of flu* jic'.ido of those throe sections of pipe was 
noti^l. It wa.H linrd t«* »indrr?<tfU}s! why A and .Hhould lie jiittcd, 
while (‘ \%m miafloried, A rlohcr i'\nnnimtion, howmver, showed 
that III the fhingod betwi^en tlio bottom sheet of the stand-inpe 

anti .1 iiinl /F ro^-.i»t*risve!v. corrngiitetl r-opptm gfuskets were used, 





oxitl.' an \hv iiiNiilr I.f ilu‘ iiiiK‘s unmiid Mu' joiiil, boUvomi B niul C, 
in nnli'i' ti. rniitinui' ..ii its journey. .A.s Mie ounvnt was not leaving 
(\ MiiM wuM nai injuivtl. lujt (ho curroiil, in leaving the inner 
surtai’OH III ,1 and B, MiM pii thoin, as shown in (.lu' ])hoU)gra])h. 

'I'lu' ('Xporiinonb. oonMuolo.l .Mince Mu* (h'.struc.lion of tins stand-pipe 
have deterinitu'.l that no inanniT of packing tlie JointH in an muler- 
gnitind eusl iron vwiler- or gas pipi- line alTects, only in a sniall degree, 
(he dilTerence in puiontial In<twi'en the two ends of the eonnee.ted 
pipe.s WheMu'C (lie juinlH were well or poorly calked, the pipes 
e»nply and dr> , or ftill of uafj«r, clear or muddy, with scale on the 
pipe or clean surfaced, (he drop sif polenlial around the joint only 
V HI it'd tioui Did la (n Volt, aud the general average resistance 

of Mu* jointM was uMout pM per cent of Mu* n'Mintance of the wimle line 
of pipe, ami the resistance t»f the joints increased with age. 
Pitting W{m aUvn> '* oliMcrvc I where the .shunt of the electric current 


t so 7*5 ill nl «4# tt’ sta-h ireu wntcr-main, (Ciirrf'nt 

fr«»ia ,1 t«i /l.i 

left Mir jisrtjil t»* llm% nr»nnid Mse Joint, istul tliis rorrttwve actitai was 
M‘» marked tipun tlir in-4dr ?4nrfnrr^ of Mm plju*?* iih upmt the external 
surface"^: lull fi'M'ii flji* runditions could not lie olwerved. 
Wr* night iron pipe'.- joined l»\- ihr usual screw-thread and thimble 
cmmcctioie* wi-rr idni»r»t a.« iMiivcmdlv attnckial hy electrolytic 

fll'tltlll nf t if »•»«? ,-»ra«S« Hfif nn < till 












sL Lliu prt'ssuri' nl' llic wnhi' uiini it wu-. u\ri Lfti ih.uhi!'.. ll,j^ 
Lvt' tif.linii UptiU linul i.'’ Ill Uih'l'f i, a.' lurtaihr !«-a*l lia.> !in-u 
jly tioiisiiltTi'il t'lt'flro attfi i- Im tin- mitii' 

vcnii^ I’di* tlu' fulili'fi ill all . ha- i-ln-inc 

jr ami pDWt'i*. 

a lit'porl. <>!' the Huarel ul ( 'tiniijux'ijiiiii-j • nl 1 .li-rfiiral 

Ivil, N. tlml l«t'af1\ iltHl iniK III Jru*l rujiU-tl 

alUM'llltlt'a Wt'I'l' muil'ri-ii u-’rir'o-, !i\ rlrrl 1.4) a > IlMiit ihf 

l,H ill that. yt'iU'. Many nw;- ul rmiM-.iMU wm- wlu-if 

.il cabli' waa ini’iiaml in lairli aixi uihi-r tsi .iilatua- 
. A, A. Kumlsiiii, i'l.l’i.. r«‘p"i1{«a‘ tUr -.m «.! a Is tnrh 

4'r wali'i’-’-iiaiii in lla* ‘al\ ul raJulai'Iri-, t*.j, 

)!' 2”», funi finipi’ra|iii’.H III ill) 'ai 'M)al luaai, ilu« 

su[)|ily syalcni. 

iSO, Mlci'trnlyais nj' a H ita-h ra:il iinu uati s al 

K. 1. 'rtu* pipi' wiUH J UH'li llurk ttiii n laal an. I Isa4 U** !, m 
' Ht'Vi'll yi'fU>i. 


under the law of divided currents, would invariably leave the rails 
and seek another source of return through near-by metal. The 
smallest measure of difference in potential between two metallic 
bodies was sufficient to produce and maintain electrolysis in one 
of them.'’ 



Fig. 81 .— Electrolysis of a steel bridge truss. 

Dr. Leybold’s paper, “Electrolysis of Gas-pipes,”* states: “The 
pipes when laid were protected with canvas soaked in boiled coal- 
gas tar, and the destruction of the pipes was more rapid than where 
they were laid without the canvas coating. New pipes laid with 
canvas and tar coatings to replace the old ones were perforated in o 


holes in seven to' eight months.” ^ . -n + 

The annual report of Mr. Wm. Jackson, City Engineer of Boston, 



Klu. - h 2 K\frri*«r »<f rt ii>}»sirr.n- -i-- rf < l.| ll! 

ft.r ffir }l nf !rn ir-sr-i ’A j,<-, I }.,f } I,, 

ISUI Ui ls!)5 ?«»» !sa}!!..ijM >4 • 'il.j. i. . » j:,. ' -f,-; 

TllO Hrnnklvil t sif! { ■■ lh,-,A.’v, i \ \ h-r- 

7fl0 iiiiliN nf tt( jsll iiu4 ;S«* lial.- ; ^4' s 

rtC'rvtn‘’‘j)ij«*H. ’rht* htllrr luj^l lii*-sr .a.- i i h.- i.i,.|lv 

nsmiili*!! whrrtnnT »i?sr«H'rr«‘ ! f*.r r'-t-.rsiin.ii:-.'! I ^ I- fr.nsu 

Htrny cltTtrintl tnirrmf-* h luisisif*-.! 3 ,. si,,- ..»■■»■- ! Ln 1% -nrhi 

Hcrvif’t' in Hi rri’i 3.1. ■?,. !; ,i.- ■»?,.• ,-/; ju fij.rr»* 

yrUlX. 'Du* r»*<l-|r«»ll Usuigie, >irr ^14. a;: -s r'.-.tl 

('tuiditiuii HU fnr hh uirrirs.li hr Jirh>>jj s- , i. s;; !r« 

<'{IM(S 111 wiml }H rjillrd "iIh- .|.uiKrr..tr. 45 -*s.i " s-, 3;; i!,,- 

vicinity uf tlu* clrclrsc |M-%r8 Is.ri-,, -; 

'I’ln' lufifs uf frutn h!I uf ifj«' . iriu-. m ??;.;.•! » lU 

id IMli) ntiiuliiitiHl lu 1:1 iH-r r.-ui ,,{ li... ,, 45.. it ■ I 




lu all rxit'ui flint tin* wholi' pipc-liiu! luul (Icleriorntod 
no prr t-rnl in Inur Tlu’ vnliugi- in this liiu' was from 2 to 1 ) 

jio.siiivr. At a voliu|,'r uviTagiiig l.o, a li-itich pipe bi'c.amu uselesH 
ill livr voam. 



{■'lo H.’l M!si«-r ^j-rt»rr j»n« n ijtn} tf'h'phtilif ravcrili^ in 

lit,..4his, \, V, 

Water midn''t lli.d tti-re laid and fo'^fed to witlistaml a pr(wurr> of 
(!vrr d<H) jMumd-> i«» the =«|uiirr iurli. at the end itf four ynalTH InaktHl at 
alino'^l I'Ver'i i«auf nf Idtl |♦^»J^lld*^' pri‘Hr4m*. 'Hu* Viiltaije waa *1.5, 
and the leail jMini's wrrf i»udl\ ftirrudtnl. 

roll «if iiatrr pij»r:*4 a! C'ifv, Mo..* Mr. ({. Ti. Wing, 

SujM'rintendeist i.f iljr Mrir..|»*»liian Water Wurk«. n^ports tluit Hpcci- 
mem* of ihr 'M<il ii! II di-iiiiHre .4' I inrlu'-s from stHiu* of tlm corrodoil 
pipe .^Itottrd I i»7 p«*f rrji! *4' jt'oii, and n! n di'^tiuna* of one foot, 2, (if) 
per rent- 

'l*he ».f ttiMtudj! iron and lead pipe?< was inon* rajiitl lluvu 

that of ea.^f troll pipe--'*; the aniosini »tf rnmmttm in all eaniw ilrpnidtd 

UtMW ihr i»l flir fHrrrtii. 





autl Ut (!h' I'lrvnltnl rnihvny sUnu-tuny tlu'n^ wiis a trifforeiicc of from 
2 Ui 2.5 vcillN. At unr f.itirlh nf n inih' away tho curront all passed 
to till* t*h‘vuti*«l rnilwny .Hintrttjrr, ran a ftnirlh of a mile, then 
rt'turntHl tn thi* wnf«*r nml t-haiiK(‘d aKaiii to the railway strnc- 
tnro iti nlnm! half n inih*. 

'i'ln' HHfor fuiiilitinnN wiTo fiitiju! (u imwalloii an npixiBitn soetion 
of the olovntrd rnilway Hlnirturo, r\l«'UtlinK for about a niilu in the 
opjuiHito (lircoliim frnin lh«’ trulloy terminal. 

'riif lUffiTrurr in jMarnftnl bi‘{w«*c'n llu' elevatotl-railway eolunms 
lUitl tilt* «t reft trulli'v riul^ and wulornnuinH ranged fnii:!! 1.30 to 
of n itnd iiidientod that tin* nirrmt nune from an eleetric, light- 
iuK fitntion. It hji-*’ alw» ^'daovn by tho twts that a trolley-lino using 
the rail?*, wafer and ira'*"njidn*^ fur it.H reftirn Morvicc', can spread the 
(Mirnmive iidltienre?) fnr a mile in either direction through the various 
Hubwnv s'ondnii’*. pipe'*, and elevaled'-railwny stnu’t\ires; also that 
tht' enuduiiiviiv n aU piHnid nr tt‘t*-rail is alxjut. epual to 

a «'opper rod I inch in diinneier. or live Xu. (HH) H. and S, copper wires. 

applied to the Itrookhn bridge suHjtenslon cabk's showed 
that geuerallv fliefe ««-red \oli.'* jHedtive to (he ruIl.M of the trolley 
rniUvav on the m! ntriiire The elTeef of (he.H(» currents upon the 
anchorage^ of the bridge led to n mnnlwr of (estM of (he upper ends of 
tlte uttehornKe metal ‘Hie IrU.* ar«- believt**! by the brulge engineers 
to show ’* 1101,1 iio danuiio* s^tieh a.»* might be expecliHl from emmion 
(if aa<k"r</r**nii9l suiltil ha.'* ihie* far taken place, 

A wi’^se »ir*ii»eis.«« U'ltteru eorroHion and eleetrolytic action. 
Had the qne-iiion i4 llie rorrM-noii of she raib in tlse .Hlnn't tracks boon 
put to the irollrv railway rngmeer rnr|e4, they would pnibsihly have 
Ihh’U jMciitive thiit no n«}rli eorrowioij wit.» pn^Heiil or {KMible; in fact, 
thev were siidiilereiif lo of igii«»raiit of the enrmsiou until the exam- 
ination In -Mr. Kinid'ion. 

It re.|iiirit| Ihe piiblic rvideiire of a Imlf-do/.eii of broken siispen- 
Kiuii r>Hh'> and pimeln ,4 Hitsjkrsi niiUvav tracks to convince the Bniok- 
Ivn Hndy*'’ iliiif it ciie*i* of neglect and corroHioii 

ros*! 2 iiid hail oft I far i*sioiiifh to he clan— 


\n v n v » » .. 

Iron anti hUm*! hotlics t<\|tn;itHl tn oniuUiinir. '.iiailar t<» liri(l|fo 
anchomgt' nu'tul iuivo luHai fsuua! iaullv i’niTi»«ir4j ujfluii a fmv ycurn 
aflor bt'iui,!: platHsl in jinsitum. nu«i iIhto i-^ ij»» ira.'.MU tu iufor ilmL 
any aiu‘luirn|.n' will In* an Imh. 

'I’lu' rail' of !’nrro.'4«tii fmut oniinnl mU'-r-. Im . I»rru fnirlv 
inint'il. Ill aut’horaaa work flii^ will In* 1(\ uu\ cliTtrirnl 

(Mirnaita llml nuiy rouch thiou, nuil il ! » iin'\ iiablr llsaS tliry «lt» n'urh 
thoiii, and no nioaiiH of jiroviailiuK if tiow o\!4.4, 

d'hc dt'cay of iiu'tal hy rlrrt rol^Mi's lui.'« brrn n|«j>rM\i!»!i{rlv UMfiT* 
tahuMl. Tin* i^capi* of llu* voliaijr'i »u«l n-ird in fitri'n*! rnib 

wav Ht'rvici' ia (wiady tlinf t«» indnro forrir furnt.Hinu 

and ofU*n nam* than twita* na juurh iia U n»Tr-v'.»ar\ Im dorujujMwa 
watnr in nuiHH. 

A (nirri'id of (k>'l anijn’n* ia Mtfltrimt t*« r«»rrM»|«* » Inal rovoring 
to a (’ahlt' or tla* land In ii Mlmirirul I'sij.'uis'rra raptirt 

caat'a \vht*rc' tlu' load oovorina of mblrri hjr< Imtis dr-itr«nod in .*< 1 % 

wcH'ks aftor layinis:. 

A jioli'Utiul of of a volt i-i all liuit i-i ro^jnirod to indfioo forrio 
oormaion two uiIIoh from tha di.iuoun 

A ililTarafu'a ifi volfn.|»a of 'iff \'o||,>s lua* !»»'♦•« found halwaaii 
tlia two aiidn of tha ItroukUn Hridaa raldn'i, nud flu- dilforrufa in 
vollftiija rau}|a?< frofo tl.Ifi to d voll.n nl all lioJir-i iiml at al! liimrt in tha 
day whanavar ta^tatl, au»l t-* aittfn''* found olrrtro |«rdtii,r to the* 
tenmud. 

So long aHalaatrially tdiav'* tin* knoivti hiu -1 |»rii aisiini* l** if.-j f,u‘nar{o 
tion and tranfaninHion, it will fiolort thf* Imr of Ifii,:! rou-uauco, lhuii|»h 
it may not ha tha Khorlai^l in ralnruinif 11 mai..r inui of iho nirrrnt 
to Uh individual «otirra td icaurration It will iil-a, ,ii^dd«* r?i rtiult\ 
jiiak n|» othar alaalriaaiirraiii^ »« fijr iin».'sf rffiitji" ss ■< .1 iiisi'i', and di'|«»‘'‘{t 
thani in unaxjiaatal |ilaaa», gaijarallv imnTt-?4iil4o lot Mb^n-rvntion 
or rapaiw. 

'Hh* lar^f* atnrnndu of vollaiia and msrd m railttar-motor 

HyaUniiH randar Htmy alaatria nirrmt-* snora rrrijws and ••Irrindvd.H 
inoro aouHtant, avan if a “ditml” of tha nirTrni innu j»«v iidjoiijiiiR 
bridga anhla «)r jdnialura wan* |«a»i!4a At fhr j.rr-’«*ijf of ilia 

.. I.— t.... t it.. . tv ill ^ x -Hi 


tiiiu’’’ 111 tlu' t'julli uiitl jui uU(l iu^v('r, or l)ut moniciiljO/rilyj of fliG s&iiiG 
potc'iitiul. 

Iliunln’tis of ('lotMric instullalionH of a groat diversity of power 
Kurniuiid tlioso hridgi’s ami provide' a caiiso of danger that at present, 
if known or snsperlod. has no n'HU'dy or .safeguard, 

1 he fnlui’e H'sidl^ of eleelrolysis on all siispcMisioii bridges may 
IIH W('ll hi' reeogni/.ed now, rat lu'r than be h'ft till the inevitable catas- 
trophe befalls. 

'Plu' corrosion of ferric btulii's, not aide'd by electrolysis, is known 
lo bt' progressive, being lu'arly hO pc'r c.('id, more the second year 
I hail llu' limt, and so on for ca<*h Huecc'cding yi'ar. 

1 Hiring tlu' eonstructum of the Hrilannia Bridge over the Menia 
.Straits, Nonu' rejt'eted plati-s and | inch thick, were left unpro- 
tected uml ('Xposed tt» the spray and wash of the sea. In two years 
they hud c-orrudenl so that they could hi' swept away with a broom. 

A few pieces of in m work cmbi'ddcd in mortar or walled in some 
ancient building, or an <»ld water-gate hen* and there, in Homo very 
favornhlt* silualion, may have n'lnained uncorroded, but there is 
little umpiesiiuunblc [irnof that inm or steel in the form adopted 
for bridgi's or structural franu'-wnrk will last more than two him- 
drcil years. 

In the Ningara I'all-^ and the Alh'ghany River Huspeusion bridges, 
after about lw«’nly live y«*am «if duty, an iii.sjieetion showed tluit 
some of the uiren in llie outer strnndM of tlu' cables outHulc of the 
nnelioragei were mrroded tlircmgh, but the second and interior wires 
wen* Hiiuud. ‘The reason nH^igiusI for llu' eitrntsion of llu' (uiter strand 
wire's ww* that the "ere«'p" of the individual wires under the varying 
Ktrains due f«» the luad and emiNtant ehaiigc's in temperature had 
worn nwav the !».*ile! linseed oil and other enalings applied when 
tile wire-* were Hfruiig and idlowml almospherie moisture to reach 
them. 

It i'4 lunv prop****!*.! tu abandon ihi' boiliHl oil or paint enalings of 
the ealdr* and !»» n««' n lutxfure of Viwline ami plumbago. When 
the wire* are Mining and r«‘adv to Imneh into strands and cables, all 
of the inter^liecH are to be tillisl as far as possible with this stiff im- 
drviiiir iiii\tiir«'. fhn! in to art as a lubricant for the inevitable creep 


elcuu'Ut uf \vt'Hkiic*»s ill firovisliUK n fMiHuliifiMii t..r thr piiinf 
iugn thut uri' th«* rfilslrf* %v«trr 

Mr. Uuht'H .Mnlii’l, t*Jv ilhililmi, nisijlr « rr|i>i.*ri t*t flu* Brii[i4i 
AaKm‘ialutu in iSnStm pniiit.'t C«»r lirnlK*- and ir*nj «*.rk; "llmt 
lu' luul {i'll tif fhr !»rt4| {iis«l m»wf rrlnilik" f»'rrir nml vnr- 

niHlufi tlu'ii kii«»\vn, tun! U'»l ‘nH’ nf rnauyjirtl milu'rnif luul 

uiult'noinptwnl I'nr n vi'nr iin«lrr «.a!«*r, lu !nMU=<i mr, nu«l 

Uiuli'T cmulUiunM rt'jii'mhiiitg 1’4 ik 1>-’44 wii-r.iii-*! fn|,t. Ilirir Htnti* wnn 
luit iiiiH’h Tilt' uruM’iifu i«f mru lo ihr uf 

a partial mturnlinii uf iht* iiif\ n iiiU|?8in. ilir 

of whirh wsw nlsnu-st iw fatal t«» llir fill-* uf a |*aiiisl bm iisiiisfrHinii in 

t luvt'nnnt'iit iinthuriiiw wfali" llial lltur*' »ri» tnrr tliMI 
Hitm hritlgw in Kurttpt*. t»f a ^rrnt viirjrtv *4 »n4 insiiiJ-tlrinl 

iuipurtniu'c*; niiiny tif ihum innlni.i *.f wirt* nthlt* 

HUHpt'nMttnw. It in nUu f!»ni iIm- lifr mI fl»u «»»’ fin»l 

an(‘ht)raii«« havtt Unfii funi»<l Im Ih* prrrarnm;-,. fn.r wam 

in pn>Ki*w^ in lln' iuti'dttr *»!' ihu mltlrM, wbiU* iin' wt'rr 

vvaaktauHl frum thn ntlin’k uf wimr r!«'ji»rni ''umI ai |.rr.Mr«!tf “ 

(nvuinntly nlwlrtslyMi^). ’{‘Iifii thm' i»m rrlnmrr f«» !»«• pliirnl tin 
tlu' prwt'rvatiun mnlhiMb, i*r inn' rrsimnu iIjhI ilsri, Iia4 rHr>i un 
ilia lift* uf tilt* stnu’ttirn Iwyttinl tttrisU -inr ys'jif'i 

Till’ failnrt* uf tin* Aniiirr»» ttir** raldr i-nuiprii’aMii ?ljuttril 

tliat il wan inij«if*«ihlt» tu kt*l’p llir -liliH’ tuiril tliffi* 

in inum'ilialt* runtart wtlli thr iitirl»»rii|!r mrin! Muu4nrr an»| 
cmrtli at’icln, t’ltrlKniit* {iritl Cptrn llir* iiiin*»«|ilirrr mirlitfi ihu jufial, 
and tlu* li*nt*-t*uttting' \vm |*riirtiralU' nmdt'-vs li* prt'vriif 

M. limmtlnnn in tlu* ‘'Aiii«ilr?4 Tutii« ri |h.h|, 

roforn tu a liHclgc* in wlurli uf tlu* ISI't » raldr unh 15 

wtw in gutwl ptintlliiun, tin* nwt liriilli* m ^jwn. ‘rin* 
had hnru in uw* Iw than fttrty yp»n*, 

Twt) othw Hiwpptwiun hriilgw uf »lu'»rl fiptm fril iifirr tttriily*4x 
and tvvpnty-olght yc»«r»’ duty. 

The Hiwpprwiun hrislgn tnw tht* Ck:|mwii*ji I{i%*rr ni .Miitiri»rli~ 
CMnv, fmWuHl in IKIIl, failwl in iHHfl fmm a fnirinrr »f ».nr .4 tliti 

anrttini* rtlutSria *1... ..i. .. 


'{'\w. Htu'hur-hurH in (his Isrul^c* (•(msisU'd of 12 links, one of which 
was comph'toly (’(irn.«lcil away aiul tlu^ others were reduced to about 
oiU'-sixiU of tlu' ori|j:lunl sii^e. 'I'lu' orig;uud w'elunial area of the anchors 
was 2h-l stjUiU'c' iiielies, hut had corroded to about 4 inches. An 
odleiid eKaininutiou and report, of th(‘. Hlreufijlh and condition of the 
hritl^i' was nuule in hSKo, one year l)efon> its failure, which stated 
(hat. ’*'rh<‘ bridtu' has been examiiu'd in all its ])arls and is in good 
and safe' eonditinn." A stjuailron of bhlaus went down with the 
lu'idge. 

An exHiuinalinn of th«‘ win* rabies of a suspension bridge, where 
eoubtar and hme Imd been used to coat the wires, also to fill the 
hdc'R-dh’t'H lu'lween (hem wln*rc‘ tin' eabh's entc'red the anoliorages, 
alunved thn( iheNC eabh's were wrappext with I’fl-iueh duuuoter wire 
and tin'll a enin n.s jai’k»'l sninrnted witli eoal-tar and lime placed over 
them. After lens tlinn iwenfy vearH’ duly the tar had partially 
decompnHed and disappeared and tlu' cavities were filled with a 
dirty, grayish liquid, d’he wrapping wire, also the seizing wire on 
(he HtnuidH, were in nmnv cnH(*s rustt'd ihrengli, and the eable wires 
deeply pitted. 'Hie dniuag«' l*» all (he win's extended about throe 
fis't upward and outward from the cahle iun'horag(*s. Beyond this 
(h«'re wn-'i a little ru'^t. but no pitting, and still further from the anchor- 
nge the paint mi the interior of the cable was gummy and undriecl. 

♦ I’rt'ncli enyjni'i'rH tjf n*pntniion now prohilnt the use of white- 
lent! ttrauv i|»nek~>!n ing pniiitM tm ancht tragi' eabh’s. The failure of a 
nnmlHTof =»n'*|»en'4*»fe4«rid{.'e enblen in Fruin’cwas direetly traceable to 
the ie*e »tf that kind paint, t’halkiiig uinl cracking of the coating, 
owinu to die eejmehwi ehanip*j« of temperntnre to wliich they and the 
cahleH weri' e\|He!ed. admill«*«! water ninl held it, and eomision of the 
wire.-^ at or nnir their lowest |»nf..iliun in the' cables was the result. 

Kuphorbinm |‘nint.‘!i |Mcwi*?4n!ng elasticity, tenacity, and a cjuallty 
find prevents them frojo drung Umediard and becoming iirittle, 
iiiive pro%-ris the {h*.= 4 paiiit's imwI by French enginwrs for cable or 
ferric work. Kjipliorbiiim beins of a nfm-corroHiva and anti- 
fouling nature, |»rrrritt.^ the growth of atmuspheric fungus, the 
decoin|}f i * *11 of winch prodiiccj* an acid highly eormsive to iron. 

tiflier or variii'dt iiitiiils dritsl hard and bnttlo and soon 



W('r(‘ hIm* to flu' conijiu.'iitiiin of tlu‘ cunI, iron. 

SfnifU RHiy nr furKt' ima wuh ihnUKlit. to bo oxompt from corro- 
.sinn, Hiid tilt* Hunliliuf, l>riiba' niirlinr-plaU's wore made from this 
brand <*f fu-'t imn and plannl in tlu' anrhoragea imdor this idea. 
Hal lufiny <»f ilu’ pip**'^ wen* in Amorirau routulnea from American 
cast iron, and lait little* elinVi’ciua* in tticir corroKinn and tliat of the 
(ila-HKow-inadf* pipf;M had fvnr Imm'ii iintirod. After the effect of cor- 
niHiim bv fliTiruls .in linil been iinlieed, to determiae whether the 
cianpnrdlinu nf the’ f{t4 inm had any powe-r to prevent it, pieces were 
i-nt front tlte fureiKo and Anifrieuii east-iron pipes, also from soft 
ea-'d iron eontainini,' Imt litlh* etanbint'd carbon and more j^raphite 
than tho Seutrh iroicn and \m**\ as aiitnles in varions ('leetrolytic cells, 
'riio eleetnilyto*^ t'uindHtod of .nainplt^ of earth from various parts of 
the eit>, mot deiied with dintillnl, Itytlranl, and sea-water. The cells 
were «*\|>*»>‘e»l to the neiiun «»f eniTents of dilTerent voltage and 
amperaye. 

In mru ftiHi- the anode was eorrotled. showiiifi: eonelusively that 
l!a‘re i * no imumuih) jvnn tifiirulf/Hin af t'HHt Iron uml for waUr-jnpas, 
IweintNe «»f it"* rhemietd rf>mp(e>i!i<itt. 

It was deferinine*! bv tlm ob-ervatioti of iht' water-works’ eugi- 
neer-4 that ttie tnbrfenliu rurrooun on the Wiiter-pipes when unjtro- 
ter!i%l other ihms liv the n*oial thin eoaldar or bitumen pipe dips 
Wins at the rale of nlhtu! of an itieh yearly, there being a dilTer- 

enee in the rale oi r.»rr*eaou in the pip«*j< of different nietalH, markedly 
in favor of ihr rl-.rie'i'.rain*'’!, wliite firm irons. 

SuHiiiuiri/uif' the !'<*|«tri of many other waler-works ongnioors, 
It apj«‘iir=^ thill rorro-non from eleelrolysi:-*. tultereules, or from other 
e.aira-i in more rupid in wroiiKhtdroa than in eastdnm piptw, irre- 
.HiHH'liveof the hind oi ’■-ahU are bnri«*«l in or to whatever iufluoncca 
flaw nmiv !«• 

Ute iin».usil of rIeelpdydH in tlie city of Brooklyn gaa- 

iind Wilier iHiiiir. fimdlv a!lribut«il l»v Samuel Sheldon* 

to the prtrsrnre of ilie hard, liiin, vtlreoiis Hcalc formeil on them at 
the inoimnd of rirdini!; its yrwn wild molds, atal that this Kcalc was 
ft nouTondortor of riertririiv, dill** fertile Is HUiiUiir to that noted on 


lu iriiviu ^ wi I % 4 

to oil puf^o !ViS. 

A pil'd' Ilf (he* siuitl-diutt‘«l !‘ipo r..v«-rr.l wiiii an m-aihilioK 
paint, Init li'iivin^ ('xpof^ml n Hiunll nrrsi .<! iIh- jlira?*- .-..itfun* This 
])lpo wan nuulo llu' uuoilc in nn f!rr!r«i!\ it*- l,»- ■> t-uirriit 

flowi'd through Ihosolufiou uinior n j'iirn 1 . M I shm nif.irr i . il^r 
condilions with an anndo frmu flu- -junr I.ni 

a idt'au iron Hurfai’o ff tin* .saiiu* arra !•< slin- In 

Honio of tho t'xpi'rlmontN. uu rurivnl a! all im t rah-tmiii 

(.hi* vollagt' wan raiia'd to a nuinlirr nl uhnr I hr ^^.atrs rnuinl 

with Dr. Angus SniilliH ftrupHon i up’o-a?-- 1 h.- .dlrtir.l l,\ 

('Ic'ctrolysiH than iho pip("' n*«f cMairl Ti*.- ur-s-J.s* nr.* i.f 

till' oonipoUtiil addl'd to iho jH»wrr «»l ih*- ’ lio'iiie- <.st m;' !«< ih,* 

nt.rav (‘h't’t.rical currontH nf inu pMirnfi.il in »«■!«. tsn .ir-tsn-t-. ,,!* 

tlu' city wlU'l'l* high polontiu! fSHTrSlt-i Srarhr.i fisr pispr rirrf ImI*. 

was iiri'.sc'td, ItUt rourfah'd In ihr larm and r,.jsfist;' ..| 

Dr. Sndlli's and olln't* hoavv anfi r»trri.>"Ur r.-.ifrir .url -mi ~ fhr 

nion' dangorou.s on iIun, ni’i'uuiif 
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ulur.u^ 4 . Inc lui'iH luav us wi-ll lu' rccn^m/.t*(l uow us lunmftor 
wluni till* parf icularlv sluniMTiuH cluiruftar uf stray ('Uu'.iriciul c\ir- 
runls of tn« voifiii'o all. I ui!ij)i‘ruKt’ is fiiivihly presontod to tho 
piiiilic til ill'' tu.ldrn «‘ul!u|..c of .soiiH' iiiiporiniit slnictuni or j?as- 

UIlil w titrf 'UlppU ‘i, liMii * 

If ( . a tala' jotmtu-r iltat umNcuirv, uiorlar, coiicroto, or coincnt 
ni'o iiHpf'ruoii. fiioj-.!iiri' aui! iiicajmlilo of uctiiii^ us an olootrolyto 
stii'li !t> uuiil.l iiaiuri' i-loof roly sis, 'rhcy aro iiol. iiisiiljitiii^ sub- 
sttiiii'os. of at thr lir.i onlv in lilt' sjnullt'st tlt'j;;r{‘t' luulor tho most 
favor.nlilo rirf»tiH-.ianf«-» '(‘lirv art* po.siiivoly porous aiul iti noarly 
('Vfi'v cna'. uhoibt-r fr-jod in laryr or .small mass, uro poruioahlo to 
all wnlom or moi nuir nn*! nu«l in hut si h'W ('xci'ptionul oiuscB 

t'Vrt* hortnno I Ijoroiu'liK th') . 

♦ A ntinihorof rirt'frsf h|«ht raliln ooniiuit.s in i’ans woro coustructed 

of fttuiTflf. parin'nhir hninj.' oxoroisi-tl in tho solcotloii of the 

livilraultf ft-Hicni and sand Usnl. n> wnll m (ho rsumninjj; of it into 
plnon Tin* rttst.lnsf ■ wofo lar almvc tin* wsitor-Uno of tlu* city’s soil 
juiil ws'ft' t'uij udoird to lit' The nipper wires soon 

hi’ninio ('tt^fi'i'd ttjflj -1, i-rdsyf i* uiid I'ttpper ehloride {Uid so redueod 
in an-Ji ihu! uJonudnut an I hi’nliiu' were of fmiiU'iit oeeuriviiee from 
fill' nof.iui! ••nro'tji *4 thr -.rtvin* A niusilH'rof minor exploHions also 
orriu'md. dnr l-t iho j'.’sx** torauil In" tin* «ic*«’ompositioii of salt 
wulrr Ihni hliotrd fhr.au'h lh«- rfjirnl ulnai suit was strewn oil the 
nmdwav o\rr ilu- rahh- »-.*jtdni! lo mrit ihe j^uow. 'I'he gtweouH inix- 
furo roniniip'd ln.iro|,*rn. sind eltlorim'. (he latter gas being 

due lo iho rlilondo of -^.djsi « 111 fhe huIi wssler. I’he leakage of tho 
eurreii! furnrdn-d iho rlrriiiful rniTy'V to deeompose the salt water 
luid lit't* ill*' a!'»» to i«*tiu llii* eiifliomde of soda and caustic 

soda ihiif ‘'ifo. I i||«o!j fhr n»|«|M*r 

I'liirf lirn tt ;jr«' i'<»ni|iii! ■) ttrrr 3i!‘'0 iiHt^l.hul wi'n* not Water-tight, 
and till* dr*-os,u}M.-uiion *4 tin* ^alt wiifer iind forrosion of tlio cop- 
per tttr«*'3 «iirriirr«'>| nn m ilir roitrrefr r«n,H(riH’tsnn, {iiul then* use was 
ahjiti* 1 I Ijn' rlerii'i** wire.'i’ lire ilow tapnl or covered 

with js I »i! »5|'< i«» preVliil i'lei'lptiytie action. 

Pre-adriji l.a-iirsp'd, in lii's ijiauj-'oriil iiddroH-s to the New htiglaud 
A.»ofi.>ii i* Us « d I iif! \ti$r«‘!j mis'ting, stated tliat 
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the (‘.ouclusious (U'rivi’tl frn-ti a laivr uuHiitrr ni ir i aii-l i iAnMuiiM 
of (.Ik* ('ITocI' of ('h'clroly.-* is lit) ilto aa • jOfM* - I, ii'ju . m ;i iuiusIht uf 
(u(i('H in Now IOiikIhikI won*: " Tlia! r.a . laol wuh Irjui jniuta 

luivo lo 1*01* coiit. groiitor rosisfunoo tn ninriii iluta watn- 

])i])o,s of (ho HUiiK* iliniiiolor uilli 'iiuilai' Jmihi., Id 

UToilghl-it’tni pipes have ulsouf llio - amo j«-.i a ■ iln- !ra»! jMinta 

in ciisl-iron pipes of the satno «lt:nucSi'r. I lir r«- i nuiri- i.t a 
laiKl-coinoiP. joint, as orilinurilv iua>!o. «io !j<«su f,, ptpiHHt 

(inios (ho resist aneo I tf a lonil eanlhr.! j.anl r..!n|.aJ nu- I'so*- . ..i r.|i!nl 
dianK'U'r, 'I'liul (ho resist uneo oS ilu* ormoia jtnjii ii» a on-at 

moastin* upon Ihi* aiiunml of moi-<fnro ilia? fho ninoN! lal**--. up o/Zn- 
sotting!;. 

“ 'rin* oonoUlsious druu n from (ho r\j'rrio.i-ui'i f-Molo oo ra-. inpos 
of till dinniotors luiil in *<horf nc Imhi' .otii.iS) . wrfr IL;!i{ all p.t. . ihlr 
vt'sist allot* shoulil 1*0 iiotorloil in tin* pipo o,,inir'. In ouiLiisr flu- 
of HOint* insuhltiUj^ t*r soith iu’'>ulalilu* soalonal, wuh ati if In--. !»..•. uf 
(.ar-papi*r riiijif liol\v(*on (ho ntniitin^' rsi-l i *4 iho piin- im ui.h-r to 
lu’t'ak up (lie pipi*-lino inlu a.--* to;ujv suoialho nou i a- }»•■ -.sl/io, aa*! 
istilati* (hem from all other pipe »«r !r«i|!«-*, ■ - irn,, s.u ;»■. pr.o-ii 
caltlo uiiil tnoohanioHl oon«!iiioir< aiion I In- 3<sp»--; .husiM !»e 

coatoil with a wnlor-proof eosispuniei tiio i.ajiflH dip 

otiatinjj; or painting with oil paints had n«» a|<pt«-. i.d-lr oil.s t i., .|. hjv 
or tliininish olootnily.sis of the pipes, \r;»f h-i. .iia'diie rr’i.ns! rsm-r 
lugs U'fTC tl'nvthliHH on nrooUlit *4 ihe iKHtm-i tit'Jnsf ..} the rrjiU’Sjt, 
ll, ailHorluMl tnoihtnro, wa-^ ineln.stie, ast>l esfah -sraleil oil the |«spr-. !»y 
front or nioolumioal iiijuri.. 

“A oovt'ring lundr* from :i purl.s of «|n, rlrijn sioel iuei piiri.s «.f 
coal-t-ar hoiltnl to a pitoh at tUHl’ \ , noele n !h;»! wn-i slii'luiv 

(*laHtio at onliiiary toiuponiliires, tljoronphli wi-stei pr>.i.! and 
wilt'll applii'il (<i the pipes to n llurknev! >4 1 ] «»«-!«-:, Iu*.i im jo-.oliil- 
ing rt*sis(anoi' of nvti* 1 million »*( ulue-i !*» ihe mint- Ho-h \ shoti 
pioot* of 2*inoh pipi* roverei! wif!t fln-i ira^ioie mei ims-uriMro jn a 
Htrong solution t»f wafer nod wnln for h is.eir’i, n** •ipors 

of tin* aliHorption t*f nnv of the ^oIhIimsj, ip«r lsi»>l iun »lerrruse of 



Til I'v t-sjuiMirt' in the Brooklyn Siis- 

niurHiir i, .irr|ijy M-utcd ill every sciuare foot 

cil‘ ihr .frio-Jus«* aH<l i i ri.niThim eveepl liy relmildinj:; it. It 

tnkr. H r>*i|< jciml. i ^ rMO a! Work three yi'urs to paiiit 

fill- ’.f rufiiur, HU. I i!ii- |<nnnj».'i!h MTves to Jiin.Hk the corrosion. 
The volfin.'*' "I th'” •■IrrUoal riinriii*. throUj^li tiu' snsiietisioii 

nil'l''-- hic- t«r-i-n iiii'srr.i t*«, luif flirir fniTo'^ive eiTecls Upon ihi' tiu- 
c'ltofil'/** oiolal loro ! In* iii.o'r- --i-.s! »ihl n| |1 h* loWiT ciids lllUsl' idwtiys 
Itf H r«*»jrr!ni<- I’lir •• paH.-. ii!i- lirvoiid repnii*, uud the eh'clrical 
t’orrroi.!. iihrilsrr li.esi fisr ijMilift rjdiw.'iv on the Bridfje, or front 
tlio nrMr«*“, >•! I.iryo jirf allai jMsr> -airromidiui' the structuri*, are of 
Int'i'o nsnprr.'Sfo, »•>«*)-.! nil! aud iiisr«»ist I'ollnl >i«* in nclioiu d'hut they 
will I9**s ioio, r « 4 rli-rllol'i. sIh j.H j|ii| jij uci'ordlUlCC wdlh 

pU'4 e\ 

III fiir ••??»»■» I ,.ioJ IIh*'!' ■.ir'ip«'irj*»5i l(rid|i»*H, where steel insttaid 
of iHjt.’-'our •, > issc n'n--l Ut r-ur^ the Hii’^pen'-ion caBles and iho 

rtn|<rf'--!r'H4 III*', »i li r\p<'i't»-d iluii! the hiri'e luetnllic contuet of the 
wire i-isldr-i jj! !hi' n*j» *4 Bir jowefs ttill foriH a short I’irciiit 

Hud vr<<»n»*S ;uti a! rm-ryi lhaS louv reuidi llieiit from the 

r.’tiittiiii. >4 naoe th«* isiu-ia. •rai'e iue!}il for a tenuinul. d’liiH 

tlirota rjiss !•»- !ojs8i-d alirr ihe l»ridi;e rnilwity luvH heen 

pill in «ipri';ii!5‘<n din- 5ii;Oi^ *4 jsusrlion of (lie hridue trestlcH 

tt'jfh itio ‘OS 1...5is o! the river luny divide* the 

!r»41r%- rurto-s»f-; isj!** a >4 >tln«r! ni'rnjt.M ho ns, in a iiseasure, U) 

prolrrl llio .^Inniufs- Hot llsi"- rsilisjof prevent tlie currents that 
r«»iiir if ihe ,!iis«'lj,.!avr o-iepd It'-.oi ilir iiediillsiiions snrroimditiK them, 
frojss musv il«- d*r tlss-jr !rs»ss:ooi'«i"n. ns Sliev provide tho 

|h«.1 ius.I pislls f..f fl.rir rri!Mde'»s CSreuit. 

A s«rili8! i.o! ‘.i"» >4 the iinchoriv^e metal 

licH t!s j? 't «■ > <1 s • t i ! 1 • >3 4 «'''.*'S3 Itj’ljss*" ii'is% 1 1 Himiii ot!u‘r than tho 
>4 ihf I- .-5 r-jji.lr-* ri»i.v;e !o it . Ill the WilUnmHlmrg 
lifisiS**, ih«'' |’4'’ »rtr ruTfSe-d into lljeSuUti fock tUul 

fieiir li Uft Ilo* Ir-,.'! ,4 Ihr river. Tln-se were not sealed 

w iiie^r "I ivhi i ‘ s’!h*‘ Voal m the sn| K*rinc*uml lent 

rii«- 3.i.r! ill »jri pss! in phire tilider a eontiuual 




with Smilh i'< (‘n.'s "l)urnl»lf ( tiu* suivs^iiiitiliu %4 ii|»|4v- 
iiifi; 11 Imkcd jiiinui fituliii}^ hfiiiu diHjiriiVftl «»u iirruniii nn sHr«i. 

Wlu'ii lln' cluiiii nf t-yrhiirH wen* rriMly fur Ihr r«!ilr r.iUhirmiiuu, 
nil niichtini|!.-i‘ )iil wuh piuui'i'il dry niid lIuMn'rlmm 

llu' hill's wi'i’i' ciivi’n'd will* Iwu «*! ■' I hirnids* t ” siiid in 

placi' only ahotti hsu yenr'-. lli«’ |i!unl wa.--. Jiriirh' d**’-4ri»\ri|. mi.f 
.sitiii (ivar ihi' wliulc Mirfan- i<f llu* Imr-. niirrinrr Ihr wnfrr lun.l 
r<*a(’li(’d (licia was virtilcuf. ’Hh* !i:iiilr*| rmu iu flir |ji* iinsi lisr rl.r,*- 
nsNiicinl inii of lln' cynhars (uicrShtT and I** flinr in-si, imdrrrd ihr 
ch'iiiiitiK Htid ri'pnintiiiin ‘d' «lil!irnil iind isj Jimijv fri*i uf lijs.jj- 

hatglii inipnsNilih'. A iww r.tjji ..f visrni'iii piMnl, «>*,-» 

upplit’il ill llu* dainp utiuHsphrrr mC ilir pit, 

I'nl* (III* rulUI’t* pn»fi'!‘li«»u «4' ihr «nr!«nrs» jl h» j ilyjj 

tin* hridjyi' is l•^lllpl^•tl‘d lUld ihr rljiiiH ut |»n|Si jirr l«»«ri!n? liirir Is.ad 
ntid luiVf ndjuslt*«l llu'UiMdvrs !»» Ilinr lirrinuiirnf li, |^Jn!Jl 

llictii a^aiii and fill in hflwrrn ihuI ilirin fnr a i***.! i,r 

willi nu'llcd hilnmun and !*» Id! il»r j»si with nmrrrir. 'Tim', phu, 
mil rt'iifli the anehtimin’ |»lafr:'> »»j»l surial iu fi«. rji,l mud ijiiiir 
eCNsihle pari nf the pjl. ‘Ilir i-rfl-Mfiii.n fsrr|M'l»f in ruh ;>ri.!rl»ni li#..! 
Ivilh'dland will reniain inin’tiv** frr li«il u siiMrS f jinr. ..r ..mh ir. 

I lu' eonerele miiaiii** lhnr(ui}»!i!\ «!r\ , ••,»«snriiiin** i»nj»«t:wil4r' f.» jntmuifjti!. 

'I’he liiliitueu r’nnliiii? iiensiftlr?* iIh* ru4»iir!i n,<, far si ran !«• 
applied and pmiHif- «»n t\l»iilr\er rlrrlnral rsirtriil’* ium% rrarit lisriis 
ft'dlll any wuiree lu l!u* luttrr *4 ills'! iiSirlsssfJi.'Kr, 'S^lsrrr fl}|, iJM'lijf 
in luit pniti'rled, ei»rr'i»Mi«nii i« and inan ji|sn».tJ!i sf jn*! 

(jUiU* ilUpOHsihle, To Ihink llwt rli^rtrok SsS'l 'ttdl JpsI Ijiki-i pljjrr iJi 
the llU‘tal at Iwilh ends rf j|jr Ijridifr | ♦ ^fisorr far|,i iiln-ndt 
eslaliliahed. I%lef’tr»»ly«j«, or ovrn ntmmimi from ihr r^sniui-i ^.f 
iiielal will) imiiHiiire. in h no! Ifir nisi ihr |*aiisl maansfiir.. 

ttirer; where to plnri* the l»lii!ssr i-* ns*! Iiard |«» fisiii 

'File inlmditrlion info iisfsrsne wniri’ <sf .aj«|4i,iiiirr« y,r ilir ift-nrrsi. 
linn and ime of ehrfrir |8««fr iiisd iian. dr%'rlo|«%i a i,r« f,r|,| f,,r 

{‘leelrolysisjhnl wriosisly iherfiji-irnri- mul lifr»4 all 

Hti etpiipjied. An e\itiiiisittljosi nf i|ir Tsstir»l misRrr jlriwTJiu 

for the piirpnHf Ilf delernijnini» ilsr rl'Wi.*., i,f a rmrsii |»rosiss4«}|» »4 il,,- 

Vf'siMI'l. luiM I Li. r.n.,* tL..s ...I I. i a » 


Electrolysis on board a steel ship is not unlike the same develop- 
ment by direct or stray electric currents in land or underground struc- 
tures. Wherever a current of any potential leaves the metal, elec- 
trolysis is the result. In the case of naval vessels there is an enor- 
mous amperage present at aU times and that cannot be returned to 
the dynamos, even with an increased capacity of the return-current 
wires over those employed for distribution of the current. 

Divided and induced currents, also the electric energy developed 
by corrosion itself, will seek their own course either in returning to 
the dynamo or extinguishment in the ground connection. The 
latter, in the case of marine work, being water saline or foul in char- 
acter, is a more efficient electrolyte than any earthy substance. 
Hence electrolysis in marine constructions willl naturally be more 
rapid and virulent than on a similar ferric area and current exposure 
on land or in underground structures. 

As before stated, no paint or plastic coatings of the metal will 
prevent electrolysis. At best they may temporarily mask its progress, 
but it only requires a short time or a slight change in the conditions 
to reveal it. 

Corrosion or electrolysis of marine metal can only be controlled 
by the use of some alloy of steel that will minimize the action, and 
by such an increase in the thickness of the parts of the ship exposed 
to corrosive influences as will for a time provide for any reduction 
of strength in the corroded parts or alloyed metal; also by a plan of 
construction that recognizes the possibility of the evil and provides 
that corroded members can be removed without practically rebuild- 
ing the ship. (See page 339 for Dr. Wurtz’s protective method.) ■ 

Insulation of motors and their connections and the positive pro- 
hibition of the connection of any electric current, even of the smallest 
amount, to any part of the structure will reduce but not prevent 
the dangers of electrolysis, whether in marine or land constructions. 

In either case, constant and thorough inspection of all ferric 
surfaces by an inspector who knows what to look for, and is compe- 
tent to recognize it when it is found, is an essential. Even if the 
inspector cannot avert corrosion when found, at least the danger 
can be noted, watched, and a warning given when it is time to desert 
the shin. All of these essentials appear to have been absent in the 



